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THE geographical pathology of cancer is attracting increasing attention as it 
is realised how often the variations in the incidence of cancer between one country 
and another may help to elucidate the aetiology. Malaya is peculiarly suitable 
for such a study because it is inhabited by three different races, each with their 
own forms of cancer, so that the incidence of a cancer can be compared in races 
in the same country, as well as with other countries. The effect of migration will 
also be shown by comparing the cancer of the Chinese and Indians in Malaya with 
that in China and India. 


Geography and Population 

The Federation of Malaya is a narrow peninsula some 600 miles in length, lying 
almost upon the Equator between 100-105° of east longitude. The climate is 
marine-equatorial: monotonous, hot and humid. The population is about six 
millions, of which some 49 per cent are Malays, 38 per cent Chinese and 12 per 
cent Indians, with 1 per cent of other races who are not considered in this survey. 
A steady urbanisation has accompanied the development of the country but the 
population is still predominantly rural although the degree varies with the race, 
the Malays being almost all rural while nearly half the Chinese and a third of the 
Indians are urban. - 


MATERIALS AND METHODS 

This survey is based on an analysis of 4650 consecutive cancers, diagnosed 
microscopically by the writer from biopsies sent to this Institute. This material 
came from 2351 men and 2299 women, of whom 986 were Malays, 2588 were 
Chinese and 1076 were Indians. It came from all parts of Malaya, but is probably 
more representative of the urban population than of the rural. Some necropsy 
material is also available but cannot be used in the survey because it is only repre- 
sentative of the Chinese, as a necropsy is only occasionally permitted on an Indian, 
and never on a Malay. However, the relative frequencies of the different cancers 
in necropsy material are used as a check on those in this biopsy series. 

Unfortunately these cancers are only a fraction of the total. This is inevitable 
vhen so few deaths in Malaya are registered on a medical certificate ; the pro- 
portion for Chinese and Indians is more than 40 per cent but it is less than 5 per 
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action these results are in keeping with the distributions of the hydrocarbons 
described above. 

A rather curious feature of the results obtained is the fact that it is the hydro- 
carbons with the larger molecules which have shown the wider distribution within 
cells. If intracellular distribution is the result of a diffusion process then the 
smaller molecules—anthracene and phenanthrene—might have been expected to 
diffuse more readily than a larger molecule such as 3:4 benzpyrene. At the 
moment no information is available as to the mechanism of movement of these 
compounds so this problem must be left in abeyance. 


SUMMARY 


(a) The distribution of anthracene, phenanthrene, 1: 2 benzanthracene and 
1: 2:5:6 dibenzanthracene has been determined in cell fractions from mouse 
or rat liver, kidney and skin. 

(b) Anthracene and phenanthrene were only found as tightly bound material 
and were present in the microsomes and supernatant fractions of mouse liver, 
kidney and skin and rat liver and kidney. In rat skin they appeared in the 
mitochondria, microsomes and supernatant fractions. 

(c) 1: 2 Benzanthracene and 1 : 2: 5: 6 dibenzanthracene were found in the 
nuclei, mitochondria, microsomes and supernatant of liver, kidney and skin 
of both rats and mice. 

(d) The experimental findings are briefly discussed in relation to the biological 
activity of the compounds used. 
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SURVEY OF PAPERS. 


Cooray and Lestie have studied the incidence of bronchial neoplasms among the 
inhabitants of Ceylon. They find that these tumours are much less common than in Europe 
or America, a fact which they attribute to the relative freedom from atmospheric pollution 


and to less cigarette smoking (p. 1). 


Kine, HueHes and Louis have demonstrated the phenomenon of the staining of normal 
tissue and non-staining of malignant tissue by the use of globulin-fiuorescein conjugates. 
They have stained human and animal tissues, both normal and neoplastic, using globulins 
from various sources, and have found that the staining characteristics of conjugates derived 
from several globulins have been identical regardless of the species of origin of the globulin 
(p. 5). 
MACKENZIE has examined the reticulum pattern of a large series of malignant tumours, 
and considers it to be of some limited value in distinguishing primary and secondary 
carcinomas from sarcomas (p. 14). 


Ictestas and Marpones describe a spontaneous and table 
tumour of the suprarenal cortex found in a non-castrated female rat of the A x C strain. J 


The tumour, which has been studied in four transplant generations, produces corticoids 
but no gonadal steroids (p. 20). 


IGiEs1as and MARDONEs report an investigation into the dependence of a transplantable 
suprarenal tumour of rats on the gonads, and also into the influence of gonadal steroids, and 
of cortisone and ACTH on its growth (p. 28). 


GLUCKSMANN and CHERRY have studied the influence of endocrine factors on the 
incidence and type of tumours of the female genital tract. Dimethyl benzanthracene was 
applied locally to the vulva and the vagina of virgin and castrated rats, and castrated rats 
treated with vcestradiol. Although benign and malignant epithelial tumours appeared at 
both sites, the most numerous tumoufs were sarcomas of th® vaginal stroma, the induction 
of which was obviously influenced by the presence and activity of the ovary (p. 32). 


RanapDive and Hakim describe a new low breast cancer strain of albino mice with a 
poorly developed breast. Methylcholanthrene treatment produces a good yield of mammary 
tumours in breeders, but no tumours have been obtained in virgins (p. 44). 


MARCHANT finds that the greatest protection against the induction of breast tumours by 
dimethylbenzanthracene and methylcholanthrene in IF mice is afforded by continued 
pregnancies with full lactation, especially if lactation has commenced before the carcinogen 
is first applied (p. 55). 
MarcuHanT finds that the incidence of breast tumours induced by methylcholanthrene 
in castrated IF mice bearing ovarian grafts does not differ significantly in males and females, 
and is of the same order as that found in virgin females of this strain similarly treated (p. 62). 


Payne finds that intra-abdominal fibrosarcomata develop in over 73 per cent of mice 
injected intraperitoneally with an aqueous colloidal suspension of benzpyrene. Rats similarly 
treated very rarely develop such tumours, but in both male and female animals changes 


oceur in the endocrine glands and associated organs, in some cases resulting in the formation 
of tumours (p. 65). 
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BralTHWaAITE has studied the arterial supply of the 
about by implanting benzpyrene tablets into the flank of 
sources of blood supply and adherence of the tumour to 
impractical to obliterate the arterial supply without causing direct trauma 
(p. 75). 


TENGBERGEN and Miuisock report an investigation into the various haematological 
disorders found in a large number of mice of various strains bearing spontaneous and trans- 
planted tumours and discuss possible causative factors (p. 81). 


Batpwin and Harries have investigated the serum protein and glycoprotein changes 
occurring during growth of transplanted and carcinogen-induced tumours in the rat, and 


Feng the implications of their findings (p. 99). 


Exson, GOULDEN and WaRREN find that aromatic amines administered to rats intra- 
peritoneally are excreted in the urine as ethereal sulphates or as glucuronides of amino 
phenols. The simpler amines with one benzene ring are excreted by the rat preferentially 
as ethereal sulphates and do not appear to be carcinogenic, whereas the “‘ two benzene ring ” 
amines are excreted preferentially as glucuronides and have been shown to be carcinogenic 
(p. 108). 


Harper has investigated the metabolism of pyrene injected intravenously into mice, 
and has obtained evidence that the metabolic oxidation to 3-hydroxypyrene proceeds in 
two stages. The primary metabolite is formed in the liver and is then converted into the 
glucuronide conjugate of 3-hydroxypyrene which is excreted in the bile and urine, and is 
later enzymatically hydrolysed in the large intestine or bladder (p. 116). 


HARPER reports investigations into the site of formation and identity of the in 
metabolites of 3: 4-benzpyrene injected intravenously into mice. The metabolism of 
3: 4-benpyrene is discussed in relation to that of the non-carcinogenic pyrene (p. 121). 


PowELt describes the protective and growth-promoting effects of spleen monocytes on 
Ehrlich carcinoma and Sarcoma 37 ascites tumour cells cultivated in plasma media. He 
concludes that these effects are due to liberation of trephone-like substances into the culture 
medium, which compensate for the nutritive inadequacy of the plasma-embryo media used 
(p. 129). 


DryspALe, Hopkins, THOMSON, SMELLIE and Davipson have investigated the effect of 
nitrogen and sulphur mustards on the nucleic acid metabolism of a number of mammalian 
systems. ‘Their evidence suggests that nitrogen rnustard depresses nucleic acid synthesis 
by inhibiting either the phosphorylation of mononucleotides to form di- or tri-phosphates 
or the condensation of these di- or tri-phosphates to give polynucleotides rather than by 
inhibiting the biosynthesis of mononucleotides (p. 137). 


CaLcuTrT reports an investigation into the distribution of anthracene, phenanthrene, 
1: 2 benzanthracene and 1: 2: 5:6 dibenzanthracene in cell fractions from mouse or rat 
liver, kidney and skin. He briefly discusses the experimental findings in relation to the 
biological activity of the compounds used (p. 149). 
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THE geographical pathology of cancer is attracting increasing attention as it 
is realised how often the variations in the incidence of cancer between one country 
and another may help to elucidate the aetiology. Malaya is peculiarly suitable 
for such a study because it is inhabited by three different races, each with their 
own forms of cancer, so that the incidence of a cancer can be compared in races 
in the same country, as well as with other countries. The effect of migration will 
also be shown by comparing the cancer of the Chinese and Indians in Malaya with 
that in China and India. 


Geography and Population 

The Federation of Malaya is a narrow peninsula some 600 miles in length, lying 
almost upon the Equator between 100-105° of east longitude. The climate is 
marine-equatorial: monotonous, hot and humid. The population is about six 
millions, of which some 49 per cent are Malays, 38 per cent Chinese and 12 per 
cent Indians, with 1 per cent of other races who are not considered in this survey. 
A steady urbanisation has accompanied the development of the country but the 
population is still predominantly rural although the degree varies with the race, 
the Malays being almost all rural while nearly half the Chinese and a third of the 
Indians are urban. 


MATERIALS AND METHODS 


This survey is based on an analysis of 4650 consecutive cancers, diagnosed 
microscopically by the writer from biopsies sent to this Institute. This material 
came from 2351 men and 2299 women, of whom 986 were Malays, 2588 were 
Chinese and 1076 were Indians. It came from all parts of Malaya, but is probably 
more representative of the urban population than of the rural. Some necropsy 
material is also available but cannot be used in the survey because it is only repre- 
sentative of the Chinese, as a necropsy is only occasionally permitted on an Indian, 
and never on a Malay. However, the relative frequencies of the different cancers 
in necropsy material are used as a check on those in this biopsy series. 

Unfortunately these cancers are only a fraction of the total. This is inevitable 
when so few deaths in Malaya are registered on a medical certificate ; the pro- 
portion for Chinese and Indians is more than 40 per cent but it is less than 5 per 
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cent for Malays. Nearly all Indians and most Chinese will seek proper treatment 
at some stage of their illness, but Malays are only slowly overcoming their reluc- 
tance to enter a hospital and still have a great aversion to surgery. As well as this 
racial bias there is the usual selection of the more accessible cancers, and of those 
which treatment might benefit, found in all biopsy material. Still, it is adequate 
to give a fairly accurate picture of cancer among the Chinese and Indians of 
Malaya, and only a few internal cancers are poorly represented. But the cancer 
of the Malays is not satisfactorily illustrated. The general features are indicated, 
but there is such an excess of the superficial cancers that the relative frequencies 
are seriously distorted. 


The Age Distribution of Cancer in Malaya 


Fig. 1 shows the age distribution of these cancers according to the stated age 
at the time of diagnosis. Most of the cancer is seen to occur earlier than in western 
countries; nearly three-quarters is found between the ages of 30 and 60, so that 
there is far more before the age of 60 and much less after it. This is largely due 
to the youth of the population, for half the population of Malaya is under the age 


1805 men 


Age groups in years 
Fic. 1.—The age distribution of cancer in Malaya—all races. 


of 20, and the effect of this unusual age structure should be eliminated before any 
comparisons are made. This has been done by employing an index number which 
relates the number of cancers in each age group to the number of people in that 
group. In Fig. 2 the age distribution is shown by means of these index numbers, 
and now follows the usual pattern. Yet there is still more cancer at all ages up to 
60 than in western countries. There is no reason why the undoubted bias in this 
sample of cancer should cause any serious clistortion in the age distribution, so 
there must be a real earlier development of cancer in Malaya. There are a number 
of reasons which this should be so, and two groups of cancers can be distinguished 
which account for most of this difference. First, certain cancers which occur at 
a younger age are more prevalent here. Nasopharyngeal carcinoma is an important 
example. It is one of the commonest cancers of the Chinese and Malays, and is 
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practically always of the poorly-differentiated type which occurs at a much 
younger age than the other types. Carcinoma of the cervix uteri is another 
example; it is the commonest cancer among the women of Malaya, with a higher 
incidence than those of the breast and corpus uteri combined, yet it is the cancer 
which tends to occur at the earlier age. 

Secondly, there are a number of cancers which occur at a younger age than 
usual because the carcinogen is encountered sooner. The oral cancers which are 
so common in Indian labourers are an example. They are believed to be caused 
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Fic. 2.—The age distribution of cancer corrected for population structure. 
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by betel chewing, and this habit is usually acquired in adolescence whereas the 
other oral cancers are due to causes which are rarely present until much later in 
life. Another example is hepatocellular carcinoma. This is common in Malaya, 
and occurs at a very young age because the cirrhosis in which most of them 
develop is typically found in the third decade, much earlier than most forms of 
cirrhosis. 

The age distribution of cancer is essentially the same in all the races of Malaya, 
despite the many differences in the incidence of particular cancers. But the cancer 
age is short when the population contains so few old people, and although the most 
prevalent cancers in each race may be different, their maximum incidence is 
usually in middle age. 


The Incidence of Cuncer in Malaya 


There is no evidence that cancer is any more or less prevalent in Malaya than 
elsewhere if a proper allowance is made for the age structure of the population, 
but the frequency of a particular cancer may be very different, especially from 
western countries. Table I shows the distribution of these 4650 cancers by anato- 
mical site, race and sex, and the numbers are also expressed as percentages to 
indicate the relative frequency and facilitate racial comparisons. It will be seen 
that the site incidence of cancer is different in each race, so the site distribution of 
cancer is not typical of Malaya but only of one of the races of Malaya, and must 
be described separately for each race. 
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Fic. 3.—The corrected age distribution of cancer in men by race. 
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Fic. 4.—The corrected age distribution of cancer in women by race. 
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TABLE I.—Distribution of 4650 Cancers by Anatomical Site, Race and Sex 


A—Carcinomata 
Malays Chinese Indians 
Male Female Male Female Male Female 
List No. No. % No. % No. %& No. % No. % No. % 
Lip 9 2 0-4 3 0-2 2 0-2 8 1-5 7 
Tongue . . . vo 2 0-4 20 1-5 8 0-6 21 3-9 12 2-2 
Salivary gland 9 1-9 33 1-7 +17 9 1-7 7 
Mouth . . - 12 253 19 4-0 22 1-7 12 0-9 8115-2 82 15-1 
Fauces . 5 1-1 19 1-4 10 0-8 8 1-5 5 0-9 
Hypopharynx . — 8 0-6 5 0-4 14 2-6 7 
Oesophagus. . 10 1-9 8 0-6 8 6-5 24 1-9 18 3-4 8 1:5 
Stomach - 16 2-9 1146 8-9 39 3-0 44 83 17 3-1 
Small intestine .- oO — 1 0-2 5 0-4 8 0-6 3 0-6 2 0-4 
Large intestine 1-1 37 2:8 27 2-1 14 2-6 8 1:5 
Rectum . . - 12 2-3 8 1-7 56 4-3 41 3-2 25 4:7 14 2-6 
Liver primary : 
Hepatocellular . 10 1-9 1 0-2 82 6-3 3 0-2 9 1-7 1 0-2 
Bile ducts and gall- 1 0-2 2 0-4 3 0-2 1 0-8 2 0-4 4 0-7 
bladder 
Nose and sinuses . 19 3-7 6 1-3 32 2:4 27 2-1 5 0-9 3 0-5 
Nasopharynx . 5410-6 20 4-2 150 11-5 77 6-0 7 1-3 2 0-4 
Larynx . i + 1 0-2 17 1-3 3 0-2 8 1-5 4 0-7 
Bronchi and lungs - 1 3-9 5 1:1 102 7-8 27 2:1 20 3:8 7 1-3 
Breast . - 2 0-4 61 12-9 5 0-4 195 15-2 3 0-6 48 8-8 
Cervix uteri —- — 39 8-2 — — 292 22-8 — — 134 24-6 
Corpus uteri —_-_ — 5 1-1 — — 46 3-6 — — 12 2-2 
Choriocarcinoma — 1-7 — — 36 2-8 — 9 1-7 
Ovary . —- — 34 7-2 — 74 5-8 —- — 20 3-7 
Other female genital — 7 — 2% 1-9 — 16 2-9 
organs 
Prostate . %714 — — 11 —- — 408 — 
Testis . 0 19 — 1511 —- — 713 —- — 
Penis. 06 — — 46435 — 42279 — — 
Kidney . a 5 1-1 23 1-8 416 1-2 8 1-5 5 0-9 
Bladder . ‘ 5 1-0 3 0-6 19 1-4 10 0-8 6 1-1 2 0-4 
Malignant melanoma 13 2-5 9 1-9 17 3-2 10 1-8 
Skin : 
Squamous cell car- 87 17-0 59 12-5 86 6-6 39 3-1 24 45 14 2-6 
cinoma 
Basal cell carci- 12 2:3 10 2:1 . 29 2:2 24 1:9 9 1-7 7 1-3 
noma 
Other carcinomata . 5911-5 5912-5 . 144 11-3) 71 5°5 66 12-4 35 6-4 
Total . . 415 80-9 417 88-2 . 1197 91-7 1197 93-4 . 491 92-3 512 94-1 
B—Sarcomata 
Malays Chinese Indians 
Male Female Male Female Male Female 
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List No. No. No. %&% No. % Ne No. % No 

Bone . 19 1:4 17 1:3 9 1-7 8 1-5 

Soft tissues . 38 7-4 17 “a bs 

Reticulosar- 28 5-5 24% #19~«#1:°5 7 1-3 2 0-4 
sarcoma 

Hodgkin’s 5 1-0 2 0-4 9 O-7 3 0-2 8 1-5 3 0-5 
disease 

Others . 13 1-0 19 5 0 9 1-7 


Total . 98 19-1 56 11-9 . 109 8-3 85 6-6 . & 47 8 68 
Grand Total . 513 100-0 473 100-1 . 1306 100-0 1282 100-0 . 532 100-0 544 100-0 
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It may be surprising that races living together in the same country should 
differ so much in their cancers, but their environment is not necessarily exactly 
the same. Malays, Chinese and Indians all tend to cling to their own customs and 
mode of life; their religions are different, and even their occupations are likely to 
be different. The Malays are a rural people, rice growers and fishermen. The 
Chinese are tin miners and merchants, with some now settling on the land as 
smallholders and market gardeners. The Indians form the labour force on the 
large rubber estates, though some are in Government service and a few are shop- 
keepers. 

In general it may be said that the Malays and Chinese have a rather similar 
incidence of their cancers, but in Indians it is usually different. This similarity 
between the Malays and Chinese is curious as they each have very different customs 
and mode of life. Genetically, however, they do have more in common, and this 
may explain the remarkable similarity in so many of their cancers. A similar 
pattern of genetic susceptibilities could account for the detailed resemblance, as 
a genetic susceptibility is only to a particular cancer and not to cancer in general. 

But there are so many racial differences that cancer in Malaya cannot be 
described adequately in general terms, and the various cancers must be described 


separately. 


The Site Incidence of Cancer 
The Alimentary system 


Oral cavity.—These cancers would hardly need to be mentioned if it were not 
for the high incidence of betel cancers among the Indian labourers. Other oral 
cancers are rather uncommon, probably because they occur rather late in life and 
there are few old people in Malaya. Most of them are either of the palate, typically 
developing in a chronic yaws or gummatous ulcer, or of the gum following chronic 
sepsis or ill-fitting dentures. Cancer of the lip is rare, and of the tongue not common. 

The betel cancers form a separate group with characteristic features which 
distinguish then from the other oral cancers. They are practically confined to 
Indians of the labouring class: they are rare in Malays and unknown in Chinese. 
The patients are middle-aged rather than elderly, and it tends to occur earlier 
in women. The incidence is also a little higher in women than in men at all ages. 
The site of the lesion is characteristic, being in the buccal sulcus in 80 per cent of 
these patients. 

These cancers are found only among betel chewers, and only those who include 
tobacco in the quid. This explains the racial incidence of the disease. The Chinese 
never chew betel; both Indians and Malays do, but only the Indians include 
tobacco in the quid as the Malays prefer to smoke their tobacco. In the remote 
parts of the country a few old Malay women may put tobacco in their betel quid, 
and one or two of them have developed a canver. 

The habits of the Indian betel chewers are responsible for other features of 
the disease. Indians of the labouring class retain the same betel quid in their 
mouth for several hours, chewing it for twenty minutes or so and then storing it 
in the buccal sulcus, but those of a higher class only chew a quid once and then 
discard it; hence the social class gradient of the disease. These labourers usually 
commence to chew betel in adolescence. Girls tend to acquire the habit earlier 
than boys, and women chew betel for longer periods each day than men, so the 
sex and age incidence are related to the duration and intensity of the habit. The 
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site of the lesion is determined by the way in which the quid is used, for it typically 
develops where the quid is in most prolonged contact with the mucosa, and that 
is in the buccal sulcus where it is retained between spells of chewing. The asso- 
ciation is very close, for far more of these cancers occur in the left buccal sulcus 
than in the right and the quid is customarily chewed on the right side but stored 
in the left, as Mehta et al. (1955) described in India. 

hagus.—Carcinoma of the oesophagus is unusually common in Chinese 
men but not in the women, nor in the men or women of other races. It is reported 
to be very common in China, and in North China it is said to equal gastric carcinoma 
in frequency. It is certainly not so common as that among the South Chinese of 
Malaya but even in this biopsy material the relative frequency is 6-5 per cent, 
and it ranks fifth in their cancers. 

The suggestion that the high incidence in Chinese is caused by eating very hot 
food, and that it is only too hot for the men as they are served first, might find 
support in Malaya where the Chinese use chopsticks but the Malays and Indians 
eat with their fingers. Unfortunately there is no evidence that the Chinese do eat 
hotter food than other people, and they certainly have no such reputation in 
Malaya. The drinking of strong spirits is more likely to be an aetiological factor, 
for many Chinese men do consume large quantities of spirits while it is rare for 
Indians to do so, and forbidden to Malays. 

Stomach.—Gastric carcinoma is much less prevalent than in western countries, 
although it is still one of the more important cancers. Even in biopsy material 
it forms 5 per cent of all cancers, and the real frequency must be nearly the 15 
per cent found in necropsy series. It is equally common in Chinese and Indians, 
and affects more men than women in the proportion of 3 to 1 in all races. The 
incidence in Malays is unknown as the number of cases is inevitably too small 
because of their aversion to surgery, yet even this number suffices to prove that it 
is not the rare disease that Bonne (1937) and Kouwenaar (1950) found it to be in 
the Malays of Java and Sumatra. Differences in the diet may be the principal 
reason for gastric cancer being less common, but the association with blood group 
A, first shown by Aird, Bentall and Fraser (1953) must also be concerned as it is 
less frequent in the Malayan races than in Europeans. The number of pre-pyloric 
and fundus cancers seems to be proportionately too small, although the site of 
origin is too often unknown for this to be proved but, if true, it would support 
Billington’s (1956) contention that cancer of the body is not affected by blood 
group A. Chronic gastric ulcers are not an important aetiological factor although 
they are common in Chinese and Indians and certainly occur in Malays, as less 
than 2 per cent of these cancers develop in an ulcer. 

Intestines.—Carcinoids seem uncommon in the small intestine, but the number 
of carcinomata developing from adenomatous polyps in young people is sur- 
prisingly large. Sarcoma of the intestine occurs in about the expected number 
but the number of carcinomata of the colon and rectum is much less than in 
western countries, and even so accessible a carcinoma as that of the rectum is only 
half as frequent as in London. There are no racial differences in the incidence, 
and the ratio of men to women affected is about 3 to 2 in all races. Steiner (1954) 
has called attention to the surprising contrast between the low incidence of intes- 
tinal carcinoma in tropical countries and the high incidence of such possible pre- 
disposing conditions as parasitic infestations, chronic dysentery and other intes- 
tinal infections. In Malaya, at least, no association can be found between carci- 
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noma and such forms of chronic irritation; it is rare to find a carcinoma developing 
in a bowel ulcer, although the skin cancers typically develop in chronic ulcers 
and sinuses. 

Liver.—Primary carcinoma of the liver is very common in Malaya, so much so 
that a carcinoma in the liver is as likely to be primary as metastatic. It is only 
the hepatocellular carcinoma which is so common; carcinoma of the intra- and 
extra-hepatic bile ducts, and of the gall-bladder, is no more prevalent than usual. 
As in other countries where hepatocellular carcinoma is common, it is only so in 
men, and it occurs in early middle age. But the disease in Malaya shows some 
interesting features which may not be so apparent elsewhere. Thus there is a 
marked racial difference in the incidence, which is very high in Chinese men but 
much less raised in Indians, the apparent incidence rates being 6-2 and 2-2 per 
100,000, respectively. The incidence in Malays is unknown, but is probably as 
high as in the Chinese because they have the same form of the disease, and are 
known to have a similar incidence in Java and Sumatra. Again, there is no 
association with malnutrition, for the Chinese are the best-fed race and have-the 
highest incidence. Liver parasites are also not concerned, for they are rare in 
Malaya and not found in these patients. Cirrhosis is the most important aetio- 
logical factor in these cancers, and it is only those developing in a cirrhotic liver 
which are increased when the incidence is high. This is so in Malaya where the 
high incidence in Chinese is entirely due to an increase in the number of those 
developing in a cirrhotic liver, for they form 95 per cent of their liver cancers but 
only 80 per cent of those in Indians. But the higher incidence in Chinese is not 
primarily due to a greater number of cases of cirrhosis, although it is rather more 
common in Chinese than in Indians; it is the result of a carcinoma developing in 
more of them, so that the proportion is raised from 8 per cent in Indians to 27 
per cent in Chinese. All forms of cirrhosis in Chinese are not equally liable to 
malignant change; it is only one form, occurring early in life and post-necrotic 
in type, which is responsible for most of these cancers. The age distribution of the 
two diseases shows this distinction, for the greatest number of carcinomata is 
found a decade earlier than that of the cirrhosis. 

The particular form of cirrhosis which is responsible for most of the liver 
cancers in Malays and Chinese is very rarely found in Indians. Their cancers 
follow other forms of cirrhosis which occur later in life and are not so often followed 
by malignancy, so the greatest number of their cancers is found a decade later than 
the maximum number of their cirrhoses. Similarly, the low incidence of hepato- 
cellular carcinoma in women is associated both with a lower incidence of cirrhosis 
and a lower incidence of malignancy in their cirrhosis. 


Respiratory system 

Carcinoma of the upper respiratory tract is far more prevalent in the Chinese 
and Malays than in Indians or other races. The susceptibility of the Chinese to 
these cancers is well known, but that of the Malays is not; neither is it always 
realised that it is limited to the nose and nasopharnyx and does not extend to the 
remainder of the pharynx or larynx. 

Nasopharynx.—Nasopharyngeal carcinoma is an uncommon form of cancer 
in most people but it is one of the commonest in the Chinese and Malays. The 
frequency is exaggerated in these statistics as the diagnosis is always confirmed 
by biopsy, but it is certainly one of the five most frequent cancers in both sexes. 
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The incidence of carcinoma in the nose and nasal sinuses in Chinese is twice that 
in Indians but in the nasopharynx it is seven times, the apparent rates being 
9-9 and 1-3 per 100,000. Almost all these nasopharyngeal cancers in the Malays 
and Chinese are of the same histological type, a poorly differentiated epidermoid 
carcinoma sometimes given the inappropriate name of lympho-epithelioma, and 
there is no increase in the number of the other types of carcinoma. The natural 
history of these cancers has a number of featurés with important clinical impli- 
cations. They tend to occur earlier than the other nasopharyngeal carcinomata, 
and the incidence rises very rapidly in the third and fourth decades so that a quarter 
of these patients are under the age of 40 and two-thirds are under 50. Less than 
half of these patients when first seen have local symptoms of the growth, and 
metastases in the cervical glands are usually the first evidence of the disease to 
be noticed. These often grow much more rapidly than the primary tumour so 
that the cervical lymph glands may be grossly enlarged while it is still so small 
and symptomless as to be very difficult to detect. Latency is a common feature 
of these cancers. The primary growth may give rise to metastases in the cervical 
lymph glands and then remain latent for years while the metastases grow steadily, 
spreading from gland to gland and invading the tissues of the neck, so that cerebral 
nerve lesions are caused by the metastases rather than by the primary growth. 

The aetiology is unknown. It is suspected that these cancers are caused by 
some external carcinogen encountered early in life but none has yet been identified. 
It must affect Chinese of all social classes equally, and in all parts of the world, so 
it is difficult to find one which is so universal and yet limited to the Chinese and 
one or two allied races. The difficulty is greater if it must also affect a race with 
so different a mode of life as the Malays. Another curious feature is that this 
carcinogen should be followed by only one histological type of carcinoma. There 
must surely be more than an external carcinogen to explain this cancer, and a 
genetic susceptibility must play a large part in the aetiology. 

Inungs.—Bronchial carcinoma occurs in all the races of Malaya. More men 
than women develop these cancers in the proportion of 3 to 1, or rather more in 
Chinese, but only Chinese men have a high incidence of lung cancer. These racial 
differences may be related to two aetiological factors. If we accept the conclusions 
of Armitage and Doll (1957) that cell type is related to the aetiology, tobacco can 
only be an important aetiological factor in Chinese men. For the percentage of 
Group I of histological types is 73 per cent in Chinese men, which is almost that 
found in moderate smokers, but in Malays, Indians and women of all races it is 
only 69 per cent, as in light or non-smokers. This mainly agrees with the extent 
of the smoking habit in each race and sex. The actual racial consumption of 
tobacco is unknown, but smoking is a common habit among Chinese and Malay 
men, uncommon in Indians, and practically unknown among the women of all 
races. Malay men do not conform to this theory. They are as addicted to cigarette 
smoking as Chinese, but they have a low incidence of lung cancer and there is no 
evidence that smoking plays any part in the aetiology. But the incidence of lung 
cancer is always much lower in the country than in the town, and the rural life 
of the Malays may explain this anomaly. 


The Skin 
Skin cancers are very common in Malaya, although not so common as the 
relative frequency of 10 per cent in these statistics would suggest as it is exag- 
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gerated by the large proportion diagnosed, especially in Malays. The Malayan 
races have a fully pigmented skin and the effect of this is shown in Table II, 
which compares their skin cancers with those of the Caucasoids living in Malaya. 


TaBLeE II.—ZJncidence of Types of Skin Cancer in Malays and Caucasoids 
Living in Malaya 
Malayan 
races 


Number Percentage 


Basal cell carcinoma . 
Squamous cell carcinoma 
Malignant melanoma . 


Total 


The ratio of basal cell to squamous cell carcinoma is reversed, as in Africa 
(Higginson, 1951), because most of these cancers are caused by chronic sepsis 
and are therefore squamous cell. carcinomata, and there are no actinic cancers, 
which are more often basal cell carcinomata. 

Basal cell carcinoma.—The incidence is low, and little more than that of a 
malignant melanoma. This is due to the absence of actinic cancers rather than 
to the scarcity of older people, who are just as few among the Caucasoids although 
they have many more basal cell carcinomata. The incidence appears to be the 
same in all races and both sexes. It is curious that the distribution of the lesions 
remains the same despite the absence of actinic cancers. The squamous cell car- 
cinomata without a preceding lesion occur in the same age group, and most of 
them are also on the head but each keeps to its own typical area. 

Squamous cell carcinoma.—Most of the skin cancers are of this type, but only 
because chronic sepsis is so widespread. It was responsible for three-quarters of 
these cancers in the present series, and the incidence would be even lower than 
that of the basal cell carcinomata if they were excluded. They are the result of 
neglected chronic sepsis so it is mainly a disease of the rural population, who seldom 
seek medical care if it can be avoided and are constantly exposed to minor 
trauma. The incidence is always higher in men than in women, although the 
difference is small in Indians, yet even in women chronic sepsis is the cause of most 
of these cancers. The aetiology determines both the site and the age incidence 
and it tends to vary with the race and sex. In Malays, most of these cancers 
develop in a tropical ulcer so they are usually on the leg and occur between the 
ages of 40 and 60. In Indians and Chinese most; of them develop in chronic sinuses 
and ulcers, the groin is a common site and they occur before or after 40 according 
to when the infection was contracted. The cancers that occur without a preceding 
lesion are only found in older people, nearly always after the age of 60 ; more of 
the cancers in women are of this type, but in both sexes there is the same predi- 
lection for the head, especially the scalp and the pinna of the ear. 

Malignant melanoma.—This is considerably more common in Malayan races 
than in Europeans, and it forms nearly 2 per cent of all cancers. The incidence in 
Indians is more than twice that in Chinese; and it is rather higher in men than 
in women of all races. The incidence may vary but the distribution of the lesions 
is the same in all these races, and is typical of the disease in a coloured race and 
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not of a tropical country, for Caucasoids living in Malaya retain the typical dis- 
tribution of their race. Nearly two-thirds of these nalignant melanomata were 
on the foot, most of them on the sole and especially the heel; the conjunctiva was 
the next most common site despite its small area. The muco-cutaneous junctions, 
body, hand, arm and leg are occasional sites without any evident predilection for 
any of them. But it must be emphasised that this is a different distribution of the 
lesions, consisting equally of an increase in the number of lesions in some areas 
and a decrease in others, and not just an increase in the number on the foot. It is 
just as much a part of this change that lesions rarely occur in other areas where 
they are often found in white races. Thus a malignant melanoma is very rare on 
the head or neck in a Malayan, and appears to be completely unknown in the 
uveal tract. 

Trauma and chronic irritation of various kinds may be followed by a malignant 
melanoma, and the frequency with which they are encountered may well affect 
the incidence. It may explain the higher incidence in Malaya and other tropical 
countries, but it cannot explain the site of the lesions. 

The predilection for the foot is not just the result of the trauma and irritation 
sustained by bare feet: it is equally evident in those who wear shoes. In the 
Negro, also, there is the same predilection for the foot whether bare-footed in 
Africa or in America and wearing shoes (Steiner, 1954). 

It is clear that the frequency of a malignant melanoma in a particular site is 
not entirely determined by the degree of exposure to trauma or other external 
stimuli. It must also depend on the susceptibility of the melanocytes to malignant 
change, and where a malignant melanoma will occur is primarily determined by 
regional variations in this susceptibility. Such regional variations explain why a 
malignant melanoma should occur on the conjuctiva but not on the uveal tract, 
as well as the predilection for the foot. 

There must also be regional variations in the susceptibility of a benign mela- 
noma to malignant change. They are found anywhere on the body so that their 
distribution is quite different from that of the malignant melanoma, although 
they are presumably the origin of more than half of them. The head and neck is 
a good example of this regional variation. Many benign melanomata occur in this 
region and they are often of the active junctional type, but not a single malignant 
one has yet been seen at this Institute. That the site of a benign melanoma can 
be such a guide to its future behaviour shows how important melanocyte suscepti- 
bility can be, and how much it may vary from one region to another. 

The distribution of the lesions in this disease must be the result of such regional 
variations. It does not change with the environment, and so with exposure to 
external stimuli, but with the race. It is linked to the colour of the skin but not 
to the degree of pigmentation, as it changes abruptly from one type to the other 
in white and coloured races. As the type of distribution is determined by race, 
there must be a genetic factor concerned in these regional variations in melanocyte 
susceptibility. 


The Reproductive System 

The reproductive system of women will be considered first, as it is the site of 
nearly half their cancers but of less than 10 per cent of those in men. ' 
Breast.—Only some 2 per cent of breast cancers are sarcomata, most of them 
developing in a fibro-adenoma which has been long neglected and may be giant in 
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size. The remainder are carcinomata, and they are an important form of cancer 
in Malaya although little more than half as frequent as the uterine cancers, as is 
usual when the birth rate is high. The age distribution of breast cancer is the same 
in all races; the incidence rises steadily to the sixth decade without any second 
peak such as found in Europe. The incidence is highest in Chinese, and probably 
almost as high in Malays, but appreciably lower in Indian women. The higher 
incidence in Chinese women may be related to their greater number of unmarried 
and childless women, but more to the small number who practice breast feeding. 

Carcinoma of the breast in Malaya is curiously uniform in histological type. 
It is characterised by a very scanty formation of new fibrous tissue. The desmo- 
plastic reaction is so slight that these carcinomata do not become fixed until they 
invade the skin or the fascia over the pectoralis major. This late fixation may 
easily mislead the clinician as there may be wide metastasis although the tumour 
is still mobile. 

These carcinomata are always clearly demarcated from the surrounding tissue. 
On section, the edge is so well defined that the tumour is readily protruded from 
the surrounding tissue, and may even appear as if it could be shelled out, so that 
the surgeon has believed it to be encapsulated. There is never any fibrous tissue 
radiating from these growths, and there was not one typical scirrhous carcinoma 
among the 300 breast carcinomata in this series. Nearly all these carcinomata 
originate in the ducts. They may appear somewhat scirrhous when they first 
invade the surrounding fibrous tissue, but the cells tend to concentrate and not to 
extend diffusely into the tissues so that the fibrous tissue is destroyed rather than 
infiltrated. In this way a solid mass of growth with a rather scanty stroma is soon 
formed. Even microscopically, the edge of the growth may be surprisingly regular 
with no extensions beyond the advancing line of cells. There is thus no compression 
of the cells, except in some of the mucoid adenocarcinomata, so they are always 
large with a big vesicular nucleus. 

Uterus.—More than a quarter of all the cancers in Malayan women originate 
in the uterus. Nearly 90 per cent of them are carcinomata, 9 per cent are chorio- 
carcinomata and some 2 per cent are sarcomata, most of them leiomyosarcomata. 

Cervix uteri.—This is the site of 88 per cent of the uterine carcinomata, the 
ratio of carcinoma of the cervix to that of the corpus being about 7-5 to 1. The 
incidence is very high both in Indian and in Chinese women but low in Malay 
women. Even when all allowance is made for the small number coming to hos- 
pital, it is still less than half that in Indians or Chinese. So they are one of the 
rare instances of a race with a high birth rate and a greater frequency of breast 
than of cervical carcinomata. The operation of such aetiological factors as the 
age at first coitus, which is practically the same as the age at marriage in Malaya, 
and fertility would account for the incidence being rather higher in Indian than 
in Chinese women, as the Indians marry much younger and have rather more 
children. But it will not explain why the incidence in Malay women is so much 
lower than in the other races. It is common for both Malay and Indian girls to 
marry about the age of puberty, and more than half of them are married before 20. 
The birth rate is high in all races but highest in Malays, and a third of the Malay 
women have more than four children compared to a quarter of the Indian. 

So another possible aetiological factor must be considered and that is cireum- 
cision. The Malays are a circumcised race, and the Chinese, as well as the great 
majority of the Indians, are not, and it is sometimes claimed that the incidence 
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of cervical carcinoma is low in circumcised races. This is true of the Jews but not 
of all circumcised races; it is reported not to be true of the Kikuyu, and Nath 
and Grewal (1935, 1937) did not find much difference between the incidence in 
the circumcised Muslims and uncircumcised Hindus in India. The number of 
Indian Muslims in Malaya is small, but there is certainly no evidence that the 
incidence of cervical carcinoma is low in them as it is in Malay women. 

But the low incidence of uterine cancers in Malay women does not resemble 
that claimed to result from circumcision. It is only carcinoma of the cervix which 
is said to be less frequent in circumcised races but all uterine carcinomata are 
equally reduced in Malay women, so that the ratio of carcinoma of the corpus 
uteri to that of the cervix is similar to that in Chinese or Indians. Thus the ratio 
in Malay women is | to 9, which is very different from the ratio of 1 to 0-3 or 0-68 
in Jewesses (Casper, 1955). The low incidence of uterine cancers in Malay women 
cannot be ascribed to circumcision, and the reason for it is still unknown. 

Corpus uteri.—The incidence of endometrial carcinoma is low, as might be 
expected with almost universal marriage and a high birth rate. It is rather higher 
in Chinese than in Indian women, which is consistent with the differences in 
marriage customs and fertility mentioned above, but very much lower in Malay 
women, although maintaining the same proportion to the cervical carcinomata 
as the other races. It is not likely that there are any more missed diagnoses than 
in cervical carcinomata, but it is not always realised how much the age structure 
of the population can affect the numbers of these two cancers. Nearly half of 
these patients are in the sixth decade, which has only half as many people in it as 
the fifth decade, the age group with the largest number of cervical carcinomata. 

The incidence of sarcoma in all these organs never seems to vary as that of 
carcinoma does. Sarcoma of the uterus occurs equally in all the Malayan races, 
and in about the same numbers as elsewhere. 

Choriocarcinoma.—This occurs much more often in Malaya than in western 
countries, and in about the same numbers as endometrial carcinoma. As it is a 
complication of pregnancy it might be expected to occur more often where some 
85 per cent of the women have had one or more pregnancies by the age of 30, but 
this cannot explain all that do occur. The number actually seen at this Institute 
is a third more than would be expected from the number of live births, and yet 
it can only be a small fraction of the total. The large number of choriocarcinomata 
is due to an increase in the number following abortions and hydatidiform moles, 
so that the proportion following these conditions is raised from the usual 75 per 
cent to 90 per cent. There is no evidence that more hydatidiform moles become 
malignant, they are merely more numerous. Abortions are certainly also very 
numerous, although the number of choriocarcinomata following hydatidiform 
moles or abortions remains in the ratio of 2 to 1. The high birth rate is responsible 
for so few of these neoplasms that the proportion following a normal pregnancy is 
reduced from 22-5 to 6 per cent. 

There seems to be a considerable racial difference in the incidence of this 
disease, as in Chinese it is three times that in Indians, and probably about the 
same in Malays. This, also, seems to be the result of a similar difference in the 
number of hydatidiform moles and abortions. The age distribution of chorio- 
carcinoma in Malaya is curious as it follows a markedly bi-modal curve with peaks 
at 25 and 40 years so that three-quarters of these patients are within five years 
of those ages. 
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Penis.—In Malaya, carcinoma of the penis is the only important cancer of the 
male reproductive system. The mixed population well illustrates the role of cir- 
cumcision and chronic sepsis in the aetiology. The Chinese and the great majority 
of Indians are uncircumcised but the Malays are Muslims and therefore circum- 
cised. The incidence of carcinoma of the penis is high in Chinese and higher in 
Indians, but extremely low in Malays. The great difference between the incidence 
of this cancer in Chinese and Malays, who nearly always have a similar incidence 
of any cancer, shows how powerful a protection against this disease circumcision 
can be. 

Circumcision is a powerful protection against this cancer but the incidence 
among the uncircumcised is comparatively low unless some other aetiological 
factor is present. It is chronic sepsis which is responsible for the incidence being 
so high in Chinese and Indians, and it is the action of the prepuce in maintaining 
these infections which makes its presence so important. At least 90 per cent of 
these patients have had some form of chronic suppuration for many years so that 
in the absence of sepsis the incidence of carcinoma becomes quite low. It is rarely 
seen among those Chinese and Indians who have a proper standard of personal 
hygiene, and will seek adequate treatment for disease. 


The Nervous System 


Retinoblastoma.—This is thought to be more common in eastern countries and 
is certainly not rare in Malaya, as it forms nearly | per cent of all cancers diagnosed 
here. Of course there will be more if the number of infants in the population is 
unusually large, as it is in Malaya and many other eastern countries, but they can- 
not all be explained in this way. If we accept the proportion of 1 in every 34,000 
live births which is quoted by Willis (1953), there would be 15 and 4-75 cases 
among the Chinese and Indians respectively during the five-year period from 1950 
-to 1954; the actual number seen at this Institute was 5 and 13, and this can only 
be a fraction of the true number. 

About three-quarters of these retinoblastomata are of the undifferentiated type 
without any degree of rosette formation, and only a quarter are of the more dif- 
ferentiated type with at least poorly formed rosettes. The patients are rarely 
seen until late in the disease when the difference between these two types in the 
rate of growth and invasion was clearly seen. In the undifferentiated type the 
optic nerve was always invaded, and there was extension through the sclera in 
three-quarters of them, with gross invasion of the orbit in two-thirds. Growth 
seems to be particularly rapid in the orbit but there is little further local invasion 
as it fungates outwards when the cavity is filled, although further extension by 
metastasis through the lymphatics may then occur. In the differentiated type 
local invasion is much slower; there was invasion of the optic nerve in less than 
half, and the sclera was invaded in only a third, in none of which was the orbit 
filled with growth. 

The Sarcomata 

Sarcomata are often said to be more common in tropical countries. This belief 
largely arose in the past from errors in diagnosis, but there will be more in propor- 
tion to carcinomata in any youthful population because the ratio is higher in the 
younger age groups. In Malaya they form nearly 7 per cent of all cancers diag- 
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nosed by biopsy, although this frequency is probably too high as so many of 
them are superficial or seriously disabling, but there is no evidence that they are 
any more frequent than they would be in any other comparable population. 

A particular sarcoma may be more or less prevalent than elsewhere, but this 
is not nearly so common as it is among the carcinomata and they seem to vary 
much less in their incidence. In Malaya, Hodgkin’s disease is the only important 
instance of such a change in the prevalence of a sarcoma. It is a rare disease 
among the Chinese and Malays, and certainly much less prevalent than usual. 
The Indians provide a convenient standard for comparison as it is the same in 
them as elsewhere. But Hodgkin’s disease is only half as frequent in the Chinese 
and Malays, and the apparent incidence is less than a quarter of that in Indians. 
The difference can also be shown by comparing the incidence of Hodgkin’s disease 
with that of other sarcomata of lymphoid tissue in each race. In Indians the 
number of cases of Hodgkin’s disease is about the same as the number of reticulo- 
sarcomata, but in Chinese and Malays it is less than a quarter of the number. 
There is no other sarcoma with such a definite difference in its incidence. The 
primary reticulosarcomata of the soft tissues seem to be more numerous than 
usual, but it was too often impossible to proved that they were not metastatic and 
only the prolonged course of the disease in a considerable number of these patients 
supports the belief. Osteoclastoma appears to occur more frequently in the Chinese, 
and more than the expected number prove to be malignant by metastasising but 
the proportion cannot be properly estimated because the metastases may not 
appear until many years later. Adamantinoma is not a sarcoma, but it is another 
tumour of bone which appears to be more frequent than usual in Malaya. There is 
no association with malnutrition or rickets, and it is possible that more are seen 
merely because it eventually compels the patient to find relief. 


SUMMARY 


This survey of the geographical pathology of cancer in Malaya is based on a 
study of 4650 consecutive cancers diagnosed microscopically by the writer. 

More than three-quarters of the cancers occur before the age of 60. This is 
mainly due to the youth of the population, but there is also a real increase of cancer 
among the middle-aged. The reasons for this are discussed, and the cancers 
responsible for the increase are divided into two groups: those which occur 
earlier because the carcinogen is encountered earlier, and those which are only 
more prevalent as a result of Malayan conditions. 

The site incidence shown by the distribution of these cancers by anatomical 
site, race and sex is discussed. The population is composed of such different races 
that they also differ in their cancers. Example of such racial differences are the 
low incidence of uterine cancers in Malay women, and of Hodgkin’s disease in 
Malays and Chinese; the high incidence of nasopharyngeal cancers in Malays and 
Chinese, of cancer of the oesophagus and liver in Chinese, and of oral cancers in 
Indians. So the site distribution of cancer is racial rather than Malayan and cannot 
be described for the country as a whole. These differences are so numerous that 
all the more important cancers have had to be considered separately. They are 
described as they occur in each race, any differences noted, and the variations in 
the incidence discussed in relation to the aetiology. 
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Durtnc the last 25 years, several reports on the frequency ratio of malignant 
neoplasms among the African people have appeared from different parts of the 
African Continent (Pirie, 1921; Smith and Elmes, 1934; Strachan, 1934; 
Berman, 1935; Vint, 1935; des Ligneris, 1936; Prates, 1938; Elmes and 
Baldwin, 1947 ; Gelfand, 1948 ; Davies, 1948 ; Findlay, 1949 ; Higginson, 1951 ; 
Thijs, 1957; Wainwright, 1957). Apart from the study on liver cancer and 
cirrhosis (Prates, 1938), up to the present no information has been forthcoming 
concerning the cancer frequency ratios in Africans living in the Portuguese 
province of Mozambique on the East Coast of Africa. 

Through the generous assistance of the National Cancer Association of South 
Africa, a cancer survey unit was established in Lourengo Marques almost two years 
ago in order to ascertain the risk to cancer for the African population in and 
around Lourengo Marques. As an essential preliminary to the main survey all 
the histological material collected in the pathological laboratory during the 
previous 13 years was analysed. It was hoped that such @ preliminary analysis 
might indicate the kinds of cancers to be expected in this city. 

In view of the limited medical services and the paucity of cancer registries in 
the underdeveloped Continent of Africa, the greatest amount of information about 
cancer in Africa will continue to be derived, in the immediate future, from post- 
mortem and hospital statistics. Although these statistics cannot allow any pre- 
dictions to be made about the risk to cancer for the population as a whole, never- 
theless, a comparison of the data accumulated in the hospital at Lourengo Marques 
over the last 13 years with the preliminary data of the rates survey conducted 
over a period of 19 months, will afford some indication of the site frequency of 
certain types of cancers and the potential value which can be attached to the data 
derived from conventional routine services of pathological laboratories and 
hospitals in regions where special cancer units and registries are still not available. 
Accordingly, it is proposed : 

1. To report the kinds of cancers and their frequency ratios in all the 
material collected in Lourengo Marques during the past 13 years, 

2. to compare these date with those accumulated during the 19-month 
period following the establishment of the Cancer Unit when interest in 
cancer was greatly stimulated, and 

3. to compare the data from Lourengo Marques with those available 
from other territories in Africa. From this comparison, it will become 


13 
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apparent that although there are some similarities, there are ciso marked 
differences in the site frequency of cancer in different parts of Africa 
suggesting that environmental influences may be operating in predisposing 
some sites to cancer more than others. 


MATERIAL AND METHODS 


The Province of Mozambique is situated between longitude 30° and 42° East 
and latitude 10° and 27° South and covers 297,731 square miles (771,255 square 
kilometres). According to the census of 1950, the population comprises 5,647,000 
Africans (2,692,863 males and 2,954,137 females); 50,000 Europeans; 26,000 
Coloureds ; and 15,000 Asiatics. The medical service, including hospitalisation, 
is provided free for all Africans, for all the other racial groups earning a salary of 
less than £30 per month and for all civil servants. 


TaBLE I.—The Number of In-patients and Out-patients of the 
Lourengo Marques Hospitai for the Year 1956 


In-patients 
Europeans. 3,263 
Africans ‘ - 13,246 
Coloured 1,258 

Total . 

Out-patients 
Europeans. - 26,374 
Africans ‘ - 47,560 
Coloured 7,629 

Total . - 81,563 


The largest hospital in the Province is located in Lourengo Marques and has 
about 1000 beds for Africans. The in-patients’ turnover in 1956 was 13,246 
Africans, 3263 Europeans and 1258 Coloureds and Asiatics. Of the female in- 
patients 5230 were admitted to the maternity wards. If allowance is made for 
maternity cases, then three-quarters of the in-patients are males, and only one- 
quarter females. 

47,560 Africans, 26,374 Europeans, and 7629 Coloureds and Asiatics sought 
treatment in the outpatients’ department during 1956 (Table I). It should be 
mentioned that all the pathological material from Mozambique is sent to the 
hospital “‘ Miguel Bombarda ” (Lourengo Morques’ hospital) for examination. 
The greatest number of examinations are conducted for in-patients as well as out- 
patients in the Lourengo Marques Hospital, and, to a lesser extent, for patients 
distributed widely throughout the entire province. It follows that the greatest 
number of cancers are derived from patients treated in and around Lourengo 
Marques. The material as a whole is more representative of the people inhabiting 
the South than of those living in the Central and Northern regions. 

The rates survey is being conducted on a population of African people num- 
bering approximately 100,000, living in the city and environs of Lourengo Marques. 

Prior to the middle of 1956, a total of 1606 malignant neoplasms was diagnosed 
from autopsy and histological examination. In May 1956, the special survey was 
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initiated. During the past 19 months, a total of 371 malignant tumours was diag- 
nosed by autopsy and histological examination. Tumours diagnosed by any other 
method, e.g. radiological or clinical, are not considered in the present study. Of 
the total of 371 tumours, 210 were found in patients not belonging to the popu- 
lation of Lourengo Marques under survey. That is to say, three groups of material 
were accumulated ; the first from 1944 to 1956; the second obtained from all 
cancer patients seeking treatment at the Lourengo Marques Hospital from May 
1956 to December 1957 ; while the third group included patients with malignant 
neoplasms belonging strictly to the area under survey from May 1956 to December 
1957, inclusive. The total number of tumours recorded in Africans from May 1944 
to December 31, 1957 was 1273. In addition, 580 tumours were identified in 
Europeans and 124 tumours in Coloureds and Asiatics making a total of 1977 


malignant neoplasms. 


RESULTS 


Table II summarizes the distribution by sex and race of 1977 malignant 
tumours accumulated over a period of 13 years, and diagnosed at autopsy and by 
histological examination. Of these tumours 580 were derived from Europeans, 
1273 from Africans and 124 from the other races. 

Amongst the European males, 303 malignant neoplasms were found. The skin 
accounted for 30-0 per cent of all tumours and thereafter, in order of frequency, 
the stomach for 8-9 per cent, the large intestine and rectum together for 8-9 per 
cent and malignancies of lymphoid tissue (8-9 per cent) and larynx and lung 
(9-5 per cent) (Table III). Amongst the European females, 23-8 per cent of all 
carcinomas occurred in the breast, 24-8 per cent in the cervix and the uterus and 
15-1 per cent in the skin. That is to say, in females, 63-7 per cent of all cancers 
were obtained from the breast, uterus (including the cervix) and skin. The ratio 
of carcinoma of the body of the uterus to carcinoma of the cervix in European 
women was | : 4-6. Three Kaposi tumours were diagnosed in Europeans, two in 
males and one in a female. One chorionepithelioma, two gliomata of the brain, 
one glioma of the eye, three sarcomata of the connective tissue and bone and two 
lymphosarcomata occurred in Europeans under the age of 20 years. Breast 
carcinoma and carcinoma of the body of the uterus and skin cancer did not appear 
in European women in Lourengo Marques under the age of 20 years (Table IT). 

As far as the Africans are concerned, it is evident from Table II that of a total 
of 842 malignant neoplasms amongst males, 43° 1 per cent were primary in the liver. 
Liver cancer, therefore, was at least three times as common as any other tumour. 
The skin (13-9 per cent), the lymphatic tumours (8-6 per cent) and the bladder 
(7-9 per cent) were next in order of frequency. Cancers of these four sites accounted 
for 73-6 per cent of all cancers in African males as compared with 40-5 per cent for 
the same sites in European males. Carcinoma of the stomach (1-0 per cent), of 
the oesophagus (0-4 per cent), colon (0-3 per cent), rectum (0-1 per cent) as well as 
carcinoma of the larynx (0-2 per cent), lung and bronchus ((-3 per cent) occurred 
less frequently in the African male than comparable tumours in the European 
male 


Amongst the African females, carcinoma of the cervix uteri (20-6 per cent), 
carcinoma of the liver (14-6 per cent), carcinoma of the skin (13-9 per cent) and 
carcinoma of the bladder (7-2 per cent) comprised 56-3 per cent of all cancers, as 
compared with 36-6 per cent for tumours in comparable sites in European females. 


M. D. PRATES 
7-4 per cent as compared with 23-8 per cent in the European female. The ratio of 
carcinoma of the corpus uteri to carcinoma of the cervix uteri was 1 : 18 in African 
women as compared with 1 : 4-6 in European women. One case of Kaposi’s sarcoma 


In the African female, the relative frequency ratio of carcinoma of the breast was 
was found in an African female as compared with 22 in African males. 
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Ca. 


Ca., 10 


Tongue 
Parotid 
Mouth 
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Stomach 
Large 
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145A 
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150 
152C 
153A 


151 
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No 

154 
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a .Eu..M.. 0 0 0 2 9 610 0 27 

Af. .M..0 0102 2 40 g + 3 
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TaBLe 


Site 
Rectum 
Liver 
Gall bladder 
Pancreas 
. Abdominal . 
cavity 
Nose 
Larynx 
Lung 
Bronchus 
Breast 
Cervix uteri 


Type Race Sex 
ne Afr. . 
Afr. . 
ad 
Ca. 
Afr. . 
Ca. Bar. . 
Afr. . 
Afr. . 
Ca. Eur. . 
Afr. . 
Afr. . 
Ca. . Eur. . 
Ca. Eur. . 
Afr. . é 
172. Corpus uteri . Ca., 21 0 
1 1 1 0 1 4 
epithelioma 1 Oo. 1 10 12 + 4 


< 
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TaBLE IIl—cont. 


Age groups 


A 


Vagina 


= 


Prostate 


177 


Testes 


178 


179A 


Penis 


179B 


180 


182 

N 
I 
4 

Int. 10— 20— 40— 50—Over Grand 19% 
is Nom. Site Type Race Sex 10 20 30 40 50 60 60 ? Total Total Coloured 

Kidney . Various .Eur..M..0 000412 00 8 

Af. .M.. 0 0 8 16 2 9 9 2 67 

i 191A . ”» - Basalcellca. . Eur.. M.. 0 0 3 5 20 23 32 6 89 

191B Other ca. F.. 0 0 0 3 6 18 15 3 y 

Afr. . M.. 1 6 12 15 2% 12 4 3 «179 

| 191D . . Kaposi's .Eu..M.0002 0000 2 

192A. Eye . Glioma .Eur..M.. 0 0 0 00000 0 
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193A 


Thyroid 


194 


Jawbone 


Connective 
tissue 


197 


Ditto 


200.1 . 


201 
203 
2048 
204E 


6 13 20 57 76 106 20 303 
3 12 48 68 76 56 12 277 


28 115 182 176 174 87 61 


Totals 


19 842 


1l 431 


19 18 67 92 99 60 65 


Age groups 
coo 
Int. 10- 20- 30- 40- 50 Over Grand 
Nom. Site Type Race Sex 10 20 30 40 50 60 60 7? Total Total Coloured 
neoplasms . 8 1 24 
198 . Lymph nodes. Secondary: .Eur.. M.. 0 © 1 12 5 1 #W 
Bae 4 6:34 
200.0. Various . Reticulum .Eur.. M.. 0 0 © 0 0 1 1 0 2 4 
sarcoma . Afr... M.. 3 0 0 0 1 00421 «5 
. Various . Myeloma .Eur.. M.. 0 0 010000 21 
sites Lymphatic F.0 00009000 oO|,, 
andmyeloid Afr. .M..1 10 5 10 00 8 
M. 
Eur.—European. 
Afr.—African. 
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TaB.E III.—Distribution by Site, Type and Sex, of all Malignant Neoplasms in Europeans, 
Africans and Coloureds* from April 1944—December 31, 1957 


Per 
cen 
No. European African Coloured of all 
Nom Site Type x % % ™M. F. Total plasms 
140 Lip Ca 8 2-64 0 0 3 0-36 7 1:62 0 0O 18 0-91 
141 Tongue 5 1:65 0 0O 4 0-47 O 1 il 0-56 x 
Sorcoma 0 oO 0 0 0 1 
142.1 Salivary 1 0-33 0 0 8 0-40 x 
gland parotid Se coma 0 90 0 0 1 0-12 0 90 : 4 
144 Mouth Ca. 4 1:32 1 0-36 12 8 
145A Tonsil Ca. 3 0-99 0 0O 3 0-36 0 O 2 0 8 0-40 x 
146 Nasopharynx 2 0-66 1 0-36 0 0 oO 3 0-15 x 
150 Oesophagus a 1 0-33 1 0-36 4 0-47 0 0O 2 0 8 ~ 0-40 
151 Stomach 27 «8-91 13 4:7 52 2-63 
152C Small 2 0-66 3 1-08 1 0-12 1 0-23 0 7- 0-35 
instestine 
intestine Carcinoid i} 66 0 0 0 i} =. 
154 Rectum Ca. 10 3-31 2 0-72 i 0-12 3 0-7 1 3 20 1-02 
155A Liver Ca. (Primary) 8 2-64 3 1-09 363 43-11 63 14-62 5 1 443 22-42 
155C Gall bladder Ca. 4 1-32 7 = 2-51 1 0-12 0 90 1 14 0-70 tt 
157 Pancreas “A 3 0-99 O O 8 0-95 1 0-23 l 1 14 0-70 
158 Abdominal . 2 0-66 3. 1-09 3 0-36 3 O-70 O 1 12 0-61 
cavity 
160A Nose 9» 2 066 0 O 1 0-12 0 0 0 0 3 0-15 
161 Larynx 15 4:95 1 0-36 2 0-24 0 2 20 1-02 
162C Lung ” 14 4-62 1 0-36 3 0-36 0 0O oe 20 1-02 
Bronchus 
170 Breast * 0 0 66 23-83 1 0-12 32 7:42 O 12 #111 5-61 
171 Cervix uteri mm 0 0 55 19-87 0 0 89 20-65 0 21 165 8-36 
172 Corpus uteri ” 0 0 13 0 0 4 0 3 
173 Uterus Chorion- 0 0 10 3-6 0 °0O 2 0-46 0 4 16 0-81 
epithelioma 
175A Ovary Ca. 0 0 9 3-25 0 0 5 1:16. 0 O 14 0-70 
176 Vagina »” 0 0 6 2-17 0 0 24 5-57 0 0 30 1-52 
177 Prostate - 10 3-31 0 0 10 «(1-2 0 0 2 0 22 1-11 
178 Testes Seminoma 2\ 1-32 9 0 1 0-12 0 0O 0 0 5 0-25 
Sarcoma 2 0 0 0 0 
179A Scrotum Ca. 1 0-33 0 O 2 0-24 0 0O 0 °0O 3 0-15 
179B Penis 2 066 0 29 3-44 35 1-77 
180 Kidney Various 3 0-99 2 0-72 4 0-47 3 0-70 0 32 14 0-70 
neoplasms 
181A Bladder Ca. 3 0-99 2 0-72 67 7: 5-56 
190 Skin Melano- 0 0 2 0-72 16 41:9 10 23 0 0 28 1-42 
blastoma 
191A es Basal cell Ca. 73 24-08 32 11°55 14 1:66 15 3-48 5 1 140 7-09 
191D ie Other ca 16 5-27 7 2-51 65 7-72 34 %7:89 #2 1 125 6-33 
191D Kaposi's 2 0-66 1 0-36 22 2-61 1 0-288 O 26 1-32 
tumour 
192A Eye Glioma 0 0 2 0-72 3 0-36 2 0-46 0 O 7 0-35 
192C pe Various 3 0:99 0 0 14 1-66 17 3:94 O 1 35 1-77 
neoplasms 
193A Brain Ditto 8 2-64 0 0O 14 1:66 2 0-46 0 0O 24 1-21 
194 Thyroid Ca 1 0-33 1 0-36 3 0-36 6 1-4 a, 12 0-61 
gland 
196 Jawbone Adamantinoma 1 0 5 4 0 0 ‘ 
0-99 0-36 7} 143 4h i-s6 o} 
196C Other bones Sarcoma 2 0-66 0 0O 8 0-95 3 0-70 -2 0 15 0-76 
197 Connective > 10 3-31 13 4-7 46 5-46 15 3-48 2 4 90 4-55 


tissue 


>! 
ne 
4 
. 
lee 


MALIGNANT NEOPLASMS IN MOZAMBIQUE 185 


IlI—cont. 


Per- 
No. European African Coloured of 
Nom. Site Type «OFF. «OCTotal plasms 
198 Lymph Secondary ca. 9 2 14 3 070 1 
nodes Sarcoma i} 3-31 i} i} 7% 0 o} 
200.0 Various Reticulum 2 0-66 3 1-09 5 0-59 4 O-93 1 #1 16 0-81 
sites sarcoma 
200.1 Ditto Lympho- 9 2-97 0 0O 26 3-08 17 3:94 3 O 55 2-78 
sarcoma 
201 Lymph Hodgkin's 12 3-95 6 2-17 34 404 3 1:86 3 38 66 3-34 
nodes disease 
203 Bones Myeloma 1 0-33 0 2 0-24 t 0-23 0-20 
204B Blood Lymphatic 0 Oo 0 0 0 Oo 3 0-70 1 O 4 0-20 
leukaemia 
204A Myeloid 0 0 6 O-71 0 0 6 0-30 
leukaemia 


Totals 303 100 277 100 842 100 431 100 57 67 1977 100 


* As a total of only 124 neoplasms were observed amongst Coloured peoples, the percentage frequency of these 


tumours has not been included. 


From this analysis, several trends in the tumour ratio frequency can be recog- 
nized in Lourengo Marques, namely, 


1. A predilection of cancer for the liver in African males and females 
as compared with the European ; 

2. carcinoma of the cervix uteri is relatively more frequent than car- 
cinoma of the corpus uteri in African as compared with European women ; 

3. breast carcinoma appears to be less common in African than in 
European women ; 

4. skin cancer in the European male is more common than in the 
African male although the types of skin tumours developed by the two 

races are not the same ; 

5. carcinoma of the lung, oesophagus, stomach, large bowel and rectum 
are relatively uncommon in the African as compared with the European 
(Table IT). 


Data for the Indian, Chinese and Coloured groups are too limited for analysis 
and are merely included in Table II as additional information on tumour frequency. 

Preliminary information from our rates survey discloses that only a small 
percentage of Africans live beyond the age of 65 years. The age structure of the 
population may influence profoundly the site incidence of cancer. Nevertheless, 
one fact is outstanding, namely, that as far as liver cancer is concerned, it occurs 
with unusual frequency under the age of 40 years (Table VI). Of a total of 363 
cases of primary carcinoma of the liver in males, no less than 182 occurred under 
the age of 30 years while in females, 29 of 63 were present under the age of 30 years. 
It may well be that when corrected for the age distribution of the population, 
carcinoma of the liver may increase still further with age. But, at present, the 
early development of liver carcinoma in young people cannot be disputed. 
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TaBLE IV.—Primary Carcinoma of the Liver, by Race, Sex and Age 
Age groups 
1-10 10-20 20-30 30-40 40-50 50-60 Over 60 


1 


Flee 


134 


The frequency ratio of malignant neoplasms in Africans since the establishment of the 
Cancer Survey Unit (Table VII) ‘ 

As already mentioned above, a special cancer survey was initiated in May 
1956. As a result, interest in the cancer problem grew rapidly amongst the doctors 
in the city of Lourengo Marques and in the hospital. This did not affect to any 
extent the number of specimens sent to the laboratory from outlying regions but 
it did increase the number of histological examinations of material obtained at 
operation in the hospital. The number of autopsies increased to over 80 per cent 
of all patients dying in the hospital. 

During the past 19 months, 210 malignant neoplasms found in Africans were 
diagnosed histologically. In the male African, the liver accounted for 45 per cent, 
the skin for 11-4 per cent and the urinary bladder for 8-2 per cent of all cancers. 
That is to say, 64-6 per cent of all tumours occurred in these three sites. In females, 
18-1 per cent of carcinomata were observed in the cervix uteri, 11-3 per cent in the 
liver, 11-36 per cent in the bladder and 11-5 per cent in the skin. These tumours 
represented 52 per cent of all neoplasms in African women. Up to the present, 
16 carcinomata of the cervix uteri have been detected and not a single carcinoma 
of the body of the uterus. Carcinoma of the oesophagus and of the lung and 
bronchus were uncommon. Only 2 cases occurred in 210 malignant growths in 
both sexes. Sarcoma of the jaw and other regions of the skeleton yielded 9-8 per 
cent of tumours, while primary malignant neoplasms of the lymphoid tissues were 
found in 9-0 per cent of cases. The frequency of carcinoma of the pancreas 
remained low (0-82 per cent). 

A comparison of the data collected over the 19-month period with that 
accumulated over the entire previous 13 years reveals that while the frequency 
ratios were not always identical, the general trend in site incidence remained 
the same. Arelatively small series of 210 neoplasms collected over a period of 
19 months, therefore, can yield useful suggestive information about the frequency 
ratio of the more commonly occurring tumours. 


Cancer rates in the population of Lourenco Marques 

The cancer rates survey was also initiated 19 months ago and relates to the 
African population numbering approximately 100,000. One hundred and sixty-one 
tumours have been studied. As previously mentioned, unless confirmed histolo- 


No. 

Int. 

Nom. Site ? =Total 

ia 155a . Liver . Carcinoma European . M. . 0 0 0 0 4 1 3 wie 8 

= (Primary) 0 0 0 0 2 3 

4 - African . M. . 2 67 6113 83 26 15 4 . 363 

rae 7... 4 7 21 16 5 5 1 . 63 

Coloured . M. 1 0 0 2 1 1 

1 0 0 0 0 

Total 75 101 35 25 5 . 443 

‘ 
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gically, all malignant cases diagnosed radiologically and clinically were excluded 
from the above analysis. 

If the maternity cases are also excluded, four times as many males were 
admitted to hospital as females, indicating that some sociological factor may have 
determined the male preference for seeking medical attention and admission to 


TaBLE V.—Ratio Survey of Malignant Neoplasms in Africans of Lourengo Marques 
from May 1956—December 1957 


Total 


Tongue 1 0 0-48 
142.1 Salivary 9 0 0 1 1-14 1 0-48 
gland 

144 Mouth os 1 0 1 1-14 2 0-95 

153A Large »” 1 0-82 0 0 1 0-48 
intestine 

155A Liver 55 445-06 65 30-96 

157 Pancreas me 1 0-82 0 0 1 0-48 

158 Abdominal oe 0 0 2 2-27 2 0-95 

cavity 

161 ee 2 1-64 0 0 2 0-95 

162C Lung and ob 2 1-64 0 0 2 0-95 
bronchus 

170 Breast - 0 0 10 =—11-36 10 4°77 

171 Cervix uteri es 0 0 16 =:18-18 16 7-62 

175A Ovary Sarcoma 0 0 1 1-14 1 0-48 

176 Vagina Ca. 0 0 3 3-41 3 1-43 

177 Prostate a 1 0-82 0 0 1 0-48 

179B Penis ss 1 0-82 0 0 =e 0-48 

180 Kidney - ” 1 0-82 0 0 2 0-95 

Sarcoma 0 0 1 1-14 
181 Bladder Ca. 10 8-2 10 611-36. 9-52 
190 Skin Malignant 1 0-82 1 a 0-95 
melanoma 
191A ve Basal cell ca 4 3-28 3 3-41 7 3-33 
191B ‘a . Miscellaneous 6 4-92 6 6-80 12 5-71 
ca. 
191D Kaposis 3 2-40 0 0 1-43 
192C Eye Ca. 1 0-82 2 2-27 5 2-38 
Sarcoma 1 0-82 1 1-14 

193A Brain Glioma 3 2-46 0 0 Say 1-43 

194 — gland Ca. 0 0 2 2-27 2 0-95 

196 awbone Sarcoma 8 6-56 7 7-95 15 7-14 

196C Other bones si 4 3-28 1 1-14 5 2-38 

197 Connective - 1 0-82 3 3-41 4 1-90 

2 1-64 0 0 2 0-95 

2 1-64 2 2-27 4 1-90 


3-28 5 
i 2-46 4 
203 Bones Myeloma 0 1 1-14 1 0-48 
204B Blood Lymphatic 0-82 1 1-14 2 0-95 
204E 
” 1-64 1 1-14 3 1-43 


8 
3 
3 
J Male Female 
l Int. Actual Actual M. centage 
Nom. Site Type number % number % and F. M. and F. 
endothelial 
sarcoma 
Total . 88 100 210 
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II-—cont. 

No. 
Age groups Int. 
No. Nom. 
Int. 10 20- 30- 50-Over Grand 
= Nom. Site Type Race Sex 10 20 30 40 50 60 60 ? Total Total Colour 

1799B . Penis. Ca. 000008110 8 

neoplasms Fr. 60 6 1 Shag 

191A . . Basalcelica. . Eur.. M.. 0 3 5 20 23 32 6 89 

- 191B Other ca. F.. 0 0 0 2 6 13 15 3 39 (oe 1 y 

Afr. .M.1 6 12 15 6 18 4 3 79 

F..03 791 318 0 

191D . . Kaposi's .Eu..M.. 0 00 2 0000 2 ME 
tumour 6 6:4. 1 26 

1924. Eye . Glioma .Eu..M.. 9 0 0 0 0 0 0 


12 277 
19 842 


6 13 20 57 76 106 20 303 
76 56 


3 12 48 68 


5 
2 
- 19 18 67 92 99 60 65 11 431 


Eur.—European. 
Afr.—African. 


. M. . 28 115 182 176 174 87 61 
F. 


F. 


Afr. 
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TaBLe II—cont. 
Age groups 
No. 
Int. 10—- 20—- 30—- 40- 50 Over Grand 
Nom. Site Type Race Sex 10 20 30 40 50 60 60 ? Total Total Coloured 
2 
Thyroid . Ca. a. 2. t- @-6 
%C . Otherbones . Sarcoma Eur.. M.. 0 1 000i42i1.0 0 2 
. Connective . Sarcoma .€Eur.. M.. 1 1 1 3 2 21021 
98 . Lymph nodes. Secondary: . Eur... M.. 0 0% 1 1 2 5 1 W 
0. Vesioms . Reticullum 000 01.1 2 
sites cell 3 4 + 2 
nodes disease 6 60 + 6 
3 . Various . Myeloma .Eur.. M.. 0 0 0 1 0 0 0 0 1 
Totals . Eur. 
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Tase II].—Distribution by Site, Type and Sex, of all Malignant Neoplasms in Europea 
Africans and Coloureds* from April 1944—December 31, 1957 


No European African Coloured 
140 Lip Ca 8 23-4 0 0 3 0-36 7 1:62 0 90 
141 Tongue 5 1:66 0 4 0-47 0 
Sarcoma 0 0 oO 0 0 oO 2 
142.1 Salivary Ca. 1 0-33 0 0 0 1 8 
gland parotid Sarcoma 0 1 0-12 0 90 
144 Mouth Ca. 4 1-32 1 0-36 13 8 1 0 
Sarcoma 0 0 0 i} i} a ee 
145A Tonsil Ca. 3 099 0 0 3 036 0 90 2 0 8 40 
146 Nasopharynx 2 0-66 0-36 0 0 3 
150 Oesophagus ee 1 0-33 1 0-36 4 047 0 0 2 0 8 0-40 
151 Stomach - 37 68-91 18 9 0 52 2-63 
152C Small 2 0-66 1:08 1 0-12 1 0-23 7 0-35 
instestine 
153A Large 15 5 3 0-36 0 
intestine Carcinoid i} 68 0 0 0 i} = 
154 Rectum Ca. 10 3-31 2 0-72 8 20 1-02 
155A Liver Ca. (Primary) 8 2-64 3 1-09 363 43-11 63 14-62 5 1 443 22-4 
155C Gall bladder Ca. 4 1-38 7 325i 1 0-12 0 90 1 1 14 0-70 
157 Pancreas 3 0-99 0 2-3 14 0-70 
158 Abdominal a 2 0-66 3 1-09 3 0-36 3 O-70 0 1 120-61 
cavity 
160A Nose - 2 0:66 0 0O 1 0-12 0 0 0 oO 3 OL 
161 Larynx a 15 4:95 1 0-36 2 0-24 0 0 2 0 20 1-02 
162C Lung 14 4:62 1 0-36 3 0-36 0 20 1-02 
Bronchus 
170 Breast ~ 0 0 66 23-83 1 0-12 32 7:42 O 12 111 5-61 
171 Cervix uteri 0 0 55 19-87 0 89 20-65 0 21 165 8-36 
172 Corpus uteri 0 13 0 0 0 3 
173 Uterus Chorion- 0 0 10 0 2 0-46 0 4 0-81 
epithelioma 
175A Ovary Ca. 0 9 3-25 0 5 1516 14 0-70 
176 Vagina = 0 0 6 2-17 0 0 24 5-57 0 0 30 1-52 
177 Prostate © 10 0 0 22 Ill 
178 Testes Seminoma 2 1-32 0 6. 0 5 0-25 
Sarcoma 2 0 0 0 0 0 0 0 
179A Scrotum Ca. 1 0-33 0 0O 2 0 0 3 0-15 
179B Penis - 2 0-66 0 0 29 3-44 0 0O 4 0 35 1-77 
180 Kidney Various 3 0-99 2 0-72 4 047 3 0-7 0 3 14 0-70 
neoplasms 
181A Bladder Ca. 3 0-99 2 0-72 67 7-96 31 7:19 7 O 110 > 56 
190 Skin Melano- 0 0 13°93 338 0 0 28 1-42 
blastoma 
191A Basal cell Ca. 73 24:08 32 11°55 14 1-66 15 3:48 5 1 = 140 7-09 
191D ve Kaposi’s 2 0-66 1 0-36 22 261 1 028 O 0 26 1-32 
tumour 
192A Eye Glioma 0 2 0-72 3 0-36 2 0-46 0 0O 7 0-35 
192C Various 3 0:99 0 35 1-77 
neoplasms 
193A Brain Ditto 8 264 0 0 14 1:66 2 046 0 0O 24 1-21 
194 Thyroid Ca 1 0-33 1 0-36 0-36 6- 14 0-61 
gland 
196 Jawbone Adamantinoma Il 0 5 + 0 0 
196C Other bones Sarcoma 2 0-66 0 0 8 0-95 3 0-70 2 90 15 0°76 
197 Connective > 10 3-31 13 4:7 46 5:46 15 3:48 2 4 90 4°55 
tissue 
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TasBLe [1I]—cont. 


African 

% 

ive 
0-66 0-59 4 


9 . 3-08 17 
12 4-04 8 


1 0-2 
0 0 3 


0 0-71 


303 100 277 100 842 100 431 100 57 67 1977 100 


* As a total of only 124 neoplasms were observed amongst Coloured peoples, the percentage frequency of these 
umours has not been included. 


From this analysis, several trends in the tumour ratio frequency can be recog- 
nized in Lourenco Marques, namely, 


1. A predilection of cancer for the liver in African males and females 


as compared with the European ; 

2. carcinoma of the cervix uteri is relatively more frequent than car- 
cinoma of the corpus uteri in African as compared with European women ; 

3. breast carcinoma appears to be less common in African than in 
European women ; 

4. skin cancer in the European male is more common than in the 
African male although the types of skin tumours developed by the two 

races are not the same ; 

5. carcinoma of the lung, oesophagus, stomach, large bowel and rectum 
are relatively uncommon in the African as compared with the European 
(Table IT). 


Data for the Indian, Chinese and Coloured groups are too limited for analysis 
and are merely included in Table II as additional information on tumour frequency. 

Preliminary information from our rates survey discloses that only a small 
percentage of Africans live beyond the age of 65 years. The age structure of the 
population may influence profoundly the site incidence of cancer. Nevertheless, 
one fact is outstanding, namely, that as far as liver cancer is concerned, it occurs 
with unusual frequency under the age of 40 years (Table VI). Of a total of 363 
cases of primary carcinoma of the liver in males, no less than 182 occurred under 
the age of 30 years while in females, 29 of 63 were present under the age of 30 years. 
It may well be that when corrected for the age distribution of the population, 
carcinoma of the liver may increase still further with age. But, at present, the 
early development of liver carcinoma in young people cannot be disputed. 
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pen 
Per- 

Der. cen 

No. Coloured 

cf all Int. neo- 
plain Nom. Site Type % $M. F. Total plasms 

asms 

198 Lymph Secondary ca. 2 
0-9] 1 8 0 0 0 33 1-67 
0-56 900.0 Various Reticulum 0-93 1 1 16 0-81 
sites cell sarcoma 
0-40 Hp00.1 Ditto Lympho- 3-94 3 0O 55 2-78 
sarcoma 
42 Bo Lymph Hodgkin’s 1:86 3 3 66 3-34 
nodes disease 

"15 Blood Lymphatic 0-70 1 4 0-20 

(0-40 leukaemia 

2°63 Myeloid 0 0 6 0-30 

0-35 leukaemia 

1-02 
0-70 
0-70 

0-61 
0-15 

1-02 

1-02 

5-61 
8-36 

0-81 

0-70 

1-52 

0-25 

Ol 

1-77 

0-70 

5-56 
1-42 

7-09 

6-33 

1-32 
0-35 
1-77 

1-21 

0-61 
1-21 
0-76 
4-55 
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TasLEe IV.—Primary Carcinoma of the Liver, by Race, Sex and Age 


Age groups 
Site Type Race Sex 1-10 10-20 20-30 30-40 40-50 50-60 Over60 2? 
Liver Carcinoma European . M. . 0 0 0 0 4 1 3 0 
African .M.. 2 67 88 53 % 1 
Total 4 7% 1% 101 6 3 2% 5S 


The frequency ratio of malignant neoplasms in Africans since the establishment of the 
Cancer Survey Unit (Table VII) 

As already mentioned above, a special cancer survey was initiated in May 
1956. As a result, interest in the cancer problem grew rapidly amongst the doctors 
in the city of Lourengo Marques and in the hospital. This did not affect to any 
extent the number of specimens sent to the laboratory from outlying regions but 
it did increase the number of histological examinations of material obtained at 
operation in the hospital. The number of autopsies increased to over 80 per cent 
of all patients dying in the hospital. 

During the past 19 months, 210 malignant neoplasms found in Africans were 
diagnosed histologically. In the male African, the liver accounted for 45 per cent, 
the skin for 11-4 per cent and the urinary bladder for 8-2 per cent of all cancers. 
That is to say, 64-6 per cent of all tumours occurred in these three sites. In females, 
18-1 per cent of carcinomata were observed in the cervix uteri, 11-3-per cent in the 
liver, 11-36 per cent in the bladder and 11-5 per cent in the skin. These tumours 
represented 52 per cent of all neoplasms in African women. Up to the present, 
16 carcinomata of the cervix uteri have been detected and not a single carcinoma 
of the body of the uterus. Carcinoma of the oesophagus and of the lung and 
bronchus were uncommon. Only 2 cases occurred in 210 malignant growths in 
both sexes. Sarcoma of the jaw and other regions of the skeleton yielded 9-8 per 
cent of tumours, while primary malignant neoplasms of the lymphoid tissues were 
found in 9-0 per cent of cases. The frequency of carcinoma of the pancreas 
remained low (0-82 per cent). 

A comparison of the data collected over the 19-month period with that 
accumulated over the entire previous 13 years reveals that while the frequency 
ratios were not always identical, the general trend in site incidence remained 
the same. Arelatively small series of 210 neoplasms collected over a period of 
19 months, therefore, can yield useful suggestive information about the frequency 
ratio of the more commonly occurring turnours. 


Cancer rates in the population of Lourengo Marques 

The cancer rates survey was also initiated 19 months ago and relates to the 
African population numbering approximately 100,000. One hundred and sixty-one 
tumours have been studied. As previously mentioned, unless confirmed histolo- 
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gically, all malignant cases diagnosed radiologically and clinically were excluded 
from the above analysis. 

If the maternity cases are also excluded, four times as many males were 
admitted to hospital as females, indicating that some sociological factor may have 
determined the male preference for seeking medical attention and admission to 


TaBLE V.—Ratio Survey of Malignant Neoplasms in Africans of Lourengo Marques 
_ from May 1956—December 1957 
Male Female 


Actual Actual 
Nom. Site Type number % number % and F. M. F. 
141 Tongue Ca 1 0-82. 0 
142.1 Salivary 0 0 1 
gland 
144 Mouth a 1 0-82 1 1-14 2 0-95 
153A Large ” 1 0-82 0 0 1 0-48 
intestine 
155A Liver 55s 45-06 10 65 30-96 
157 Pancreas - 1 0-82 0 © 1 0-48 
158 Abdominal - 0 0 2 2-27 2 0-95 
cavity 
161 Larynx - 2 1-64 0 © 2 0-95 
162C Lung and ma 2 1-64 0 0 2 0-95 
bronchus 
170 Breast a 0 0 1011-36 10 4-77 
171 Cervix uteri 0 16 «18-18 16 7-62 
175A Ovary Sarcoma 0 0 1 1-14 1 0-48 
176 Vagina Ca. 0 0 3 3-41 3 1-43 
177 Prostate i 1 0-82 0 0 ok 0-48 
179B Penis re 1 0-82 0 0 chee 0-48 
180 Kidney ” 1 0-82 0 @ 2 0-95 
Sarcoma 0 0 1 1-14 
181 Bladder Ca. 10 8-2 10 «#411-36 . 2 9-52 
190 Skin Malignant 1 0-82 1 1-14 2 0-95 
melanoma 
191A * . Basal cell ca. 4 3-28 3 3-41 7 3-33 
191B * Miscellaneous 6 4-92 6 6-80 12 5-71 
ca. 
191D os Kaposis 3 2-40 0 0 8 1-43 
192C Eye Ca. 1 0-82 2 2-27 5 2-38 
Sarcoma 1 0-82 1 1-14 

193A Brain Glioma 3 2-46 0 1-43 
194 Thyroid gland . Ca. 0 0 2 2-27 2 0-95 
196 awbone ° Sarcoma 8 6-56 7 7-95 15 7:14 
196C Other bones 9 4 3-28 1 L-14 5 2-38 
197 Connective io 1 0-82 3 3-41 4 1-90 

2 1-64 0 i) 2 0-95 

2 1-64 2 2-27 4 1-90 


Total 
8 
3 
363 
63 
5 
+43 
endothelia 
sarcoma 
200.1 . Lympho- 3-28 . 1 . 2°38 
sarcoma 
201 . Lymph nodes . Hodgkin’s 2-46. 1 
disease 
204B.« Blood Lymphatic ° 0-82 . 1 
leukaemia 
204E.. Myeloid — 1-64. 1 . 3 41-4 
leukaemia 
Total . - 122 100 . 88 100 . 210 . 100 
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hospital. While the data collected during the first 19 months of our rates survey 
in a relatively small population can only afford an indication of the trends to be 
expected, nevertheless, even at this early stage, it is evident that the frequency 
of even the common tumours is further emphasized (Table VI). Thus, of 110 
malignant neoplasms in males, 71 (64-54 per cent) were primary in the liver and 
of 51 malignant neoplasms in females, 13 (25-5 per cent) were primary in the liver. 
The bladder accounted for 8-18 per cent of tumours, and the skin for 7-27 per cent 
in males, these sites together with the liver accounting for 71-81 per cent of all 
malignant neoplasms. Again, the low frequency of lung carcinoma is noteworthy. 
However, almost one-third of all cancers in women were primary in the cervix 
uteri. 

In general, the first 19 months of the intensive rates survey confirmed the trend 
observed in the cancer frequency ratios in all the material obtained in the past 
13 years. As the survey progresses, it may well be that the frequency ratio of 
liver cancer will decline a little but, at present, there can be little doubt that 
amongst males, the liver is still the most frequent site of cancer. In females 


Tasie VI.—Rates Survey of Malignant Neopiasms in Africans of Lourengo Marques 
from May 1956—December 1957 


Male Female 
No. Total Per- 
Int. ’ Actual Actual M. centage 
Nom. Site Type number % number % and F. M.andF. 
142.1 . Salivary gland . Ca. 0 1 . 
Parotid 

144 ‘ Mouth ‘ - ee 0-91 1 1-96 2 1-24 

151 Stomach 0-91 0 0 1 0-62 

153A Lai oa 0-91 0 0 1 0-62 

intestine 

155A Liver 71 64-54 13. 25-5 S4 52-17 

146 Nasopharynx o” 1 0-91 0 0 1 0-62 

170 Breast ‘ 0 0 1 1-96 1 0-62 

171 Cervix uteri om 0 0 15 29-42 15 9-31 

176 Vulva ~ 0 0 1 1-96 1 0-62 

177 Prostate se + 3-63 0 0 4 2-48 

179B Penis mm 3 2-73 0 0 3 1-85 

180 Kidney Various 1 0-91 1 1-96 2 “1-24 
neoplasms 

181 Bladder Ca. 9 8-18 4 7-84 13 8-07 

190 Skin Melano- 2 1-82 ee 2 1-24 
blastoma 

191A,B . - Ca 5 4-54 2 3-92 7 4-44 

191D_. +e Kaposi 1 0-91 0 0 1 0-62 

192C Eye 0-91 1 

} 3-92 . 3 1-85 

193A B Glioma 3 2-73 2 3-92 5 3-10 

194 Thyroid gland 0 0 2 3-92 . 2 1-24 

196 Jawbone Sarcoma 1 0-91 0 0 2 1-24 

Adamantinoma 1 0-91 0 0 
197 Connective Sarcoma 1 0-91 2 3:92. 3 1-85 
tissue 
200.1 . Various sites . Lymphosarcoma. 1 0-91 1 1-96 2 1-24 
201 . Lymph nodes . Hodgkin’s 0 0 1 1-96 1 0-62 
disease 

204A . Blood Myeloid 1-82 2 3-92 4 2-48 

leukaemia 
Total . - 110 100 51 100 - 161 100 
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carcinoma of the cervix occurs more frequently than all other cancers, with cancer 
of the liver ranking next in order of importance and this despite the smaller number 
of women seeking hospital treatment. Both in males and females, cancer of the 
bladder is equally common, being second in order of frequency in males and third 
in the females. It is hoped that when the cancer rates survey is completed, it will 
be possible to know, with greater confidence whether carcinoma of the stomach, 
oesophagus, breast and lung are indeed lower in the African in Lourengo Marques, 
as the frequency ratio study seems to suggest. However, there is sufficient 
information to show that primary cancer of the liver is a particular problem in 
Lourengo Marques and justifies an intensive study into the aetological factors. 


Comparison of cancer frequency ratios in Mozambique with that in other parts of 
Africa 


With the exception of Kampala (1952-53) and Durban (1950-56), carcinoma 
of the liver in male Africans is the commonest tumour in all cancer surveys thus 
far reported from Johannesburg, Mozambique, Belgian Congo and Nigeria and 
reaches the highest frequency ratio in Lourengo Marques where liver carcinoma 
is twice as common as in Johannesburg and three times as common as in Kampala. 
It is of interest to note that Findlay (1940-45) reported 60 tumours in West African 
soldiers aged 18 to 40 years and of these 37 were primary cancer of the liver. 
Moreover, calculations made from the data presented by Elmes and Baldwin 
(1947) for Nigeria reveal a frequency ratio of 11-9 per cent for primary carcinoma 
of the liver. 

The frequency ratio of carcinoma of the skin ranges from 11-2 to 16-3 per cent 
and is the commonest cancer in Kampala and Durban, second in order of frequency 
in Mozambique and Johannesburg (Higginson and Oettlé, 1958, personal com- 
munication) and third in the Stanleyville and in the data submitted by Berman 
(1935) for Johannesburg. Tumours of the bladder constitute between 4 and 8 per 
cent of all neoplasms in Mozambique, Johannesburg and Kampala but less than 
1 per cent in Stanleyville. In Mozambique, bladder tumours are almost twice as 
frequent as in Johannesburg and Kampala. 

The relatively high frequency ratio of carcinoma of the lung and bronchus in 
Johannesburg (7-7 per cent) (Higginson and Oettlé, 1958, personal communica- 
tion) and in Durban (7-7 per cent) contrasts with the lower frequency of tumours 
of this organ in Kampala (1-95 per cent) and the rarity of this tumour in Mozam- 
bique (less than 1 per cent) and in Dakar (Camain, 1954). Similarly, the high 
frequency ratio of carcinoma of the rectum in Johannesburg (8.0 per cent) differs 
from the lower frequency in Kampala (2-3 per cent) and the still lower frequency 
ratio (less than 1 per cent) in Mozambique and Stanleyville. Apparently, tumours 
of the gastro-intestinal tract are more common in Johannesburg and Kampala 
than in Mozambique and Stanleyville. The frequency of carcinoma of the penis 
appears to be considerably higher in Kampala (10-0 per cent) than in any other 
African territory (1—4 per cent). 

Females.—The high frequency ratio of carcinoma of the cervix is a feature of 
all reports from Africa with the exception of Dakar. In Nigeria, tumours of the 
uterus ranked second in order of frequency. 

Skin tumours were found first in order of frequency in Durban and second in 
Johannesburg (12-1 per cent) and Stanleyville (13-2 per cent) and third in Mozam- 
bique (13-9 per cent in both sexes). In Kampala, skin tumours constituted only 
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8 per cent of all tumours and only 3 per cent in the figures pul lished by Berman 
(1935) for Johannesburg. 

The frequency ratio of liver carcinoma in African females was only slightly 
higher (14-6 per cent) than that of skin carcinoma (13-8 per cent) in Mozambique 
and was at least twice as high as the frequency ratio of liver carcinoma in Johan- 
nesburg (Higginson and Oettlé (6-0 per cent), Berman (5-0 per cent), Stanleyville 
(4-5 per cent) and Kampala (4-1 per cent). Carcinoma of the liver was consistently 
lower amongst females than in males in all the surveys presented in Tables VII 
and VIII. 

The frequency ratio of breast tumours was variable. Whereas breast carci- 
noma constituted 7-4 and 9-0 per cent of all tumours in Mozambique and Kampala 
respectively, the percentage frequency was 11-3 and 12-0 per cent in Johannesburg 
(Higginson and Oettlé) and Stanleyville (Thijs, 1957) and 25-3 and 21-4 per cent 
in Johannesburg (Berman, 1935) and Nigeria respectively. Squamous cell car- 
cinoma of the vagina was consistently higher in Mozambique (5-5 per cent) than 
elsewhere while tumours of the ovary appeared to be unusually high in Stanley- 
ville (8-8 per cent) and in Kampala (11.5 per cent). Carcinoma of the gastro- 
intestinal canal was unusual and involved mainly the stomach, the highest fre- 
quency ratio being reported in Johannesburg by Berman. Carcinoma of the 
rectum occurred in less than 1 per cent of tumours in all surveys, except in Kampala. 
Except in Durban (Wainwright and Roach, 1957) cancer of the lung and bronchus 
comprised 1-4 per cent or less of all tumours in females in all the surveys 
reported. 

As in the African male, carcinoma of the bladder was high (7-9 per cent) in 
African females in Mozambique but was far less frequent in the other African 
territories. Camain (1954) from Dakar, reported on 1884 malignant neoplasms in 
Africans over an ll-year period. Unfortunately, he did not separate the sexes 
and therefore it is not possible to compare the Lourengo Marques tumours with 
those in Dakar. However, Camain does mention that two-thirds of the tumours 
were obtained from males and one-third from females. It would appear that the 
frequency ratio of primary liver cancer in Dakar is a little lower than in Lourengo 
Marques. Noteworthy in Dakar, as in Lourengo Marques, are the low frequency 
ratios of pancreatic, large bowel, lung and breast cancers. The ratio of cancer of 
the body to cancer of the cervix uteri in Dakar is as 1 : 5-7, which contrasts with 
the reported ratios from other parts of Africa. 

From this comparative survey, whatever the limitations thereof, it is evident 
that in several territories south of the Sahara, primary liver cancer is the pre- 
dominant malignant neoplasm in males, the only anomalous report being from 
Kampala. With the exception of Dakar and possibly also of Nigeria, carcinoma of 
the cervix uteri in females ranks first in importance amongst all neoplasms in 
African women. Both in males and in females, primary carcinoma of the liver, 
bladder and skin show a markedly higher frequency ratio in Mozambique than 
elsewhere in Africa. With the exception of Johannesburg and Kampala, carci- 
noma of the gastro-intestinal canal amongst Africans appears to be infrequent. 
At present, cancer of the lung and bronchus does not appear to be a problem of 
any significance amongst African females and, with the exception of Johannesburg, 
these tumours are also uncommon in African males. 

The comparative analysis of the tumour frequency ratio reveals that primary 
liver cancer in males and cancer of the bladder in both sexes in Lourengo Marques 
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Taste VII.—Order of Frequency of Malignant Neoplasms in African Males in 
Different Parts of the Continent of Africa t 
1944-87 (Prates) 
Europeant 


Site 


bo bo bo Or 


Sn NAA ww 


Johannesburg 
1953-55 (Higginson and Oettlé) 
Rural, 1953-55 


T 


Durban 
‘otal 


RSERSERS 


otal 
36 
25 
13 
8 
8 
6 
6 
6 
5 
5 
4 
4 
3 
3 
2 
2 
2 
2 
2 


ae 
ae 


> ee 


l- 


Tumours lees than 1-0 per cont exe not incbaiied in thie teble. 
Europeans from Lourengo Marques included for comparison. 
* Denotes both sexes. 


| 
Site Total Sit % 
Stomach . 
Colon 17 
Larynx ° 
| Lung and bron- 14 
| chus 
Hodgkin's disease 12 
Sarcoma . 
7 Lymph nodes . 10 
Rectum . 
Prostate . 10 : 
Liver 
Brain 
Tongue 
Bones 
Mouth 
Gall bladder Ls 
Testis 
Site 
Liver 
Skin . 
Rectum 
Lung and bron- 
chus ; 
Bones 
Prostate . 
Bladder. 
Sinuses 
Leukaemia 
Lymphomata 
Kaposi’s tumour 
Salivary gland . 
Ocesophagus 
Stomach . 
Kidney 
Mouth 
Testis 
Pancreas . 
Larynx 
Breast ‘ 
Eye . 
Penis and scrotum 
Nigeria 
Kampala 1935-44 
po 1952-53 (Davies) (Elmes and Baldwin) 
Reticul 
lial tumours 
Liver 185 
Skin . . 179 
Kaposi’s tumour . 155 
Penis 45 
stomach . 
Kye . 
Sreast 
Testis 
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TaBLE VIII.—Order of Frequency of Malignant Neoplasms in African Females in 
Different Parts of the Continent of Africa t 


Lourengo Marques 
Europeant African 
Site Total % Site Total % 
Breast 66 23-8 Cervix uteri 89 20-6 
Cervix uteri 55 «19-8 Liver 63 14-6 
in . 42 15-1 Skin . 60 13-9 
Corpus uteri 14 «65-0 Breast 32 «7-4 
Stomach . Bladder 31 
Sarcoma 13. 4-7 Lymphomata 25 5-8 
Chorion- epithe- 10 «3-6 Vagina 24. 5-5 
lioma Eye . 19 4-4 
Sarcoma 15 3-4 
Gall bladder Bones ll 
Vagina Mouth 9 21 
Colon Lip . 7 1:6 
Hodgkin’s disease 6 2-1 Thyroid 6 1-4 
Small intestine . 3 1-0 Ovary 56 1-1 
Liver 8 Salivary gland & 1-1 
Lymph nodes : 
(secondary) . 3 1:0 
Johannesburg 
1953-55 (Higginson and Oettlé) 
Rural, 1953-55 Urban, 1953-55 
Site Total % Site Total % 
Cervix uteri 68 27-4 Cervix uteri 198 41-6 
Skin . - 30 12-1 Breast . - 50 10-5 
Breast 28 11-3 Liver . 2 5-2 
Liver 15 6-0 Ovary 19 4-0 
Bones 14 5-6 Stomach 17 3-5 
Salivary gland 12 4:8 Leukaemia 16 3:3 
Corpus uteri 9 3:6 Lymphomata 16 3-3 
Lymphomata 9 3-6 Lymph nodes 
Stomach 8 3-2 (secondary) 13 2-7 
Sinuses 7 2-8 Brain 
Ovary 5 2-0 Skin - 12 2-5 
Bladder 5 2-0 Salivary gland 82: 
Adamantinoma 4 16 Large intestine . 9 1:8 
Kidney 4 16 Thyroid. 7 +4 
Eye . 4 1-6 Lung and bron- 7 1-4 
3 1-2 chus 
Vulva ‘ 3 1-2 Rectum 6 1-2 
Leukaemia 3 1-2 Chorion- 5 1-0 
epithelioma 
Stanleyville Kampala 
1939-55 (Thijs) 1952-53 (Davies) 
Site Total % Site Total % 
Cervix uteri - 162 17-9 Cervix uteri 58 18-5 
Skin . - 120 13-2 ary 36 11-5 
Breast . - 109 12-0 Breast ‘ . 28 9-0 
Ovary Skin . 2% 80 
Reticulo-endo- 67 7:4 Corpus uteri 19 
thelial tumours Liver ° 13. 4-1 
Sarcoma . - 4 4-9 Colon ll 3-5 
Salivary gland . 41 4:5 Oesophagus 6 2-0 
Liver ° - 41 46 Rectum. 6 2-0 
Vulva 27 «2-9 Eye . 6 2-0 
Kaposi's tumour . 18 1-9 Stomach 5 1-6 
Stomach . Vagina 
Eye . Vulva 4 41-2 
Corp us uteri ll 13 Thyroid 4 13 
epithe- 10 Salivary gland 1 1-2 
lioma 
Mouth 


¢ Tumours less than 1-0 per cent are not included in this table. 
Marques 


included for comparison. 


Johannesburg 
1926-33 (Berman) 

Site Total % 
Cervix uteri 27 27-3 
Breast ‘ - 25 25-3 
Corpus uteri - I 15-2 
Ovary 
Stomach 6 6-1 
Liver 5 5-0 
Skin . 3 3-0 
Thyroid 
gland L 130 
Colon 1 1-0 
Rectum 20 
Pancreas 120 
Nose 
Vulva 1-0 
Kidney 1 1-0 
Lymph nodes ee 

Durban 
1950-56 (Wainwright) 

Site Total % 
Cervix uteri . 374 19-2 
Skin* J . 271 14:1 
Liver* ‘ 128 7:2 
Oesophagus* 119 61 
Breast 113. 5-8 
Lung and bron- 89 4-5 

chus* 
Bladder* 54 2-8 
Mouth, tongue* 2-5 
Stomach* . 44 2-2 
Nasopharynx* . 44 2:2 
Intestine, colon*. 38 1-9 
Ovary 301-5 
Vulva 25 1-3 
Kaposi’s tumour * 2 1-3 
Nigeri 
1935-44 
(Elmes and Baldwin) 

Site Total % 
Breast 77 21-4 
Uterus 68 16-4 
Ovary 5-5 
Chorion-epithe- 9 2°5 

lioma 
Vulva 8-9 
Vagina 
Stomach 5 1-4 


] 
« 
1 
* Denotes both sexes. 
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are more frequent than in any other part of Africa from which information is 
available. Furthermore, having regard to the imperfections of the statistical 
information, there is more than suggestive evidence that liver cancer in males 
and primary carcinoma of the cervix in females still constitute a pan-African 
problem in such remotely separated regions as Kampala and Johannesburg. The 
surprisingly high frequency ratio of cancer of the stomach in African males in 
Johannesburg and of carcinoma of the oesophagus, bronchus and lungs in males 
in Johannesburg and Durban suggest that an environmental rather than a genetic 
factor is at play in the aetiology of these cancers. 

Although there are many features in common in the frequency ratio of cancer 
in various parts of Africa, there is also sufficient diversity to suggest that selection 
of specific areas for more intensive study might provide much valuable informa- 
tion about the possible aetiological factors responsible for the difference in the 
susceptibility to cancer of the various organs of the body. In view of the rapidly 
changing socio-economic conditions in Africa, it is urgent that aetiological studies 
be initiated without delay lest the opportunity be lost of probing the aetiology of 
those types of tumours which are afflicting populations not only in the western 
world but also in Africa and in Asia. 


SUMMARY 


An analysis has been presented of 1977 malignant neoplasms diagnosed at 
autopsy and by histological examination and accumulated over a period of 13 
years in the Province of Mozambique, Portuguese East Africa. Of these tumours, 
1273 were derived from Africans, 580 from Europeans and 124 from other ethnic 
groups. 

Attention was drawn to the high frequency ratio of carcinoma of the liver in 
African males and to the fact that 73-5 per cent of all malignant neoplasms occurred 
in four sites, namely, the liver (43-1 per cent), the skin (13-9 per cent), lymphoid 
tissues (8-6 per cent) and urinary bladder (7-9 per cent). Carcinoma of the oeso- 
phagus, stomach, colon and rectum, lung and bronchus were remarkably low in 
the African as compared with European males living in Mozambique. Carcinoma 
of the cervix uteri was the commonest tumour (20-6 per cent) in African females 
and together with carcinoma of the liver (14-6 per cent), skin (13-9 per cent), and 
bladder (7-2 per cent) was responsible for 56-3 per cent of all malignancies as com- 
pared with 36-6 per cent of tumours in comparable sites in European females. 
Noteworthy was the high frequency of cervical carcinoma as compared with car- 
cinoma of the body of the uterus and the relatively low frequency of breast cancer 
(7-4 per cent) in African females. 

This analysis disclosed that primary carcinoma of the liver was occurring with 
unusual frequency in young people although the age of maximum incidence could 
not be established before completion of the rates survey now in progress. 

It became evident that in the absence of well established cancer registries, data 
accumulated from the hospital and routine pathology laboratory could provide a 
useful guide to the frequency ratio of various cancers in Africa. From a com- 
parison of the data compiled in Lourengo Marques with that derived from other 
African territories, it was apparent (1) that amongst African males, primary liver 
cancer and in females, carcinoma of the cervix uteri, with two exceptions were 
the most frequently occurring malignant neoplasms and (2) that there were notable 
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differences in the frequency ratios of malignant neoplasms in different regions in 
Africa. The urgency for initiating aetiological studies to explore the basis for these 
differences was emphasized. 


I wish to acknowledge my indebtedness to Professor Joseph Gillman for his 
stimulating encouragement and helpful advice and criticism during the progress 
of this work, and to Dr. Christine Gilbert for her invaluable assistance in the 
preparation of the manuscript. 
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THE commonest nasopharyngeal tumours occurring in children and young 
adults are the nasopharyngeal fibroma, the lymphosarcoma and the anaplastic 
carcinoma or “lympho-epithelioma”. The nasopharygeal fibromas usually 
run a benign clinical course, they form bulky tumours and give rise to post- 
nasal obstruction and epistaxis. The lymphosarcomas are rapidly growing 
bulky malignant tumours which give rise to post-nasal obstruction and pressure 
symptoms ; however, epistaxis is uncommon ; although extremely radiosensitive 
the prognosis of nasopharyngeal lymphosarcomas is very poor, metastasis to 
cervical lymph nodes and lungs occurring early. The anaplastic carcinomas or 
“ lympho-epitheliomas ” are characterised by a tendency to spread early to 
adjacent lymph nodes whilst the primary is still obscure. Like the lympho- 
sarcomas although they are extremely radiosensitive their prognosis is very poor, 
metastasis occurring to the vertebral column and liver. 

It is proposed in this paper to describe the clinical and histological features of 
7 cases of nasopharyngeal carcinoma occurring in children and young adults. 
Two of the cases are of particular interest occurring in siblings. 


CASE REPORTS 
Case 1 

A female child, 8 years of age, was referred to hospital with general debility, 
undernourishment, swelling of the cervical glands and of the right side of the face. 
On examination the child was very undersized for her age. The upper cervical 
lymph nodes on both sides were enlarged and hard. There was marked swelling 
of the right cheek, bulging forwards of the soft palate and swelling and ulceration 
in the posterior part of the upper alveolar sulcus on the right side. There was 
radiological evidence of malignant invasion of the maxilla and coronoid process 
of the mandible. 

Histological examination of a lymph node excised from the submaxillary area 
showed the nodal structure to be almost completely obliterated by fibrosis and 
pyogenic infection. Islets of bizarre malignant cells with large vesicular nuclei, 
one or more prominent nucleoli, and poorly defined cytoplasmic borders were 
present in the sinuses (Fig. 1). The cells were considered to be probably carcino- 
matous in type. 

A radical course of radiotherapy resulted in the disappearance of the right 
sided facial swelling and of the enlarged cervical glands. 

The child remained well for 8 months when she developed jaundice as a result 
of malignant infiltration of the liver. She died 3 months after the onset of 
jaundice. 


196 E. M. McCONNELL 


Autopsy showed an extremely emaciated and deeply jaundiced child, markedly 
undersized for her age with a protuberant abdomen and pitting oedema of the 
ankles. The only evidence of malignancy was in the liver which was grossly 
enlarged as a result of massive tumour infiltration. The metastatic tumours 
varied in size from 5 mm. to 10 cm.; they presented an umbilicated appearance 
at the surface of the liver and were firm to cut. In the treated area there was a 
thickening of the tissues on the inner aspect of the right mandible and some fibrosis 
of the neck. 

Histologically the tumours in the liver were divided by trabeculae of degenerate 
liver cells into solid alveoli (Fig. 2). The tumour cells which were smaller than 
in the biopsy specimen, tended to assume 2, spindle form and were more definitely 
carcinomatous in type. Lymphocytic infiltration was not present in the tumours 
in the liver. 


Case 2 

The younger brother of Case 1 was adraitted to hospital at the age of 8 years 
with a history of (1) general debility and bilateral cervical adenopathy of 3 years’ 
duration, considered at one time to be possibly tuberculous in origin; and (2) 
proptosis of short duration. On examination the child was markedly undersized 
for his age, he had bilateral cervical glandular enlargment, bilateral proptosis and 
a large tumour occupying the nasopharynx and infiltrating the retro-orbital 
tissues. 

Histological examination of biopsy specimens from the nasopharyngeal 
mass and cervical lymph nodes showed infiltration by an anaplastic tumour 
composed of sheets and strands of syncytial cells having large oval or spherical 
nuclei, with one or more prominent nucleoli (Fig. 3). The nuclei were poor in 
chromatin and in some cases appeared to have undergone hydropic degeneration 
consisting of a nuclear membrane enclosing the nucleoli. In the sections from the 
nasopharyngeal tumour the sheets of tumour cells were growing in a fibrous 
stroma which was infiltrated by lymphocytes, plasma cells and eosinophil leuco- 
cytes (Fig. 4). In the lymph nodes the tumour cells were infiltrating the sinuses. 
In some places they completely replaced the nodal structure, in others they formed 
anastomosing columns of tumour separated by lymphoid tissue which was infil- 
trated by plasma cells. Although it was sometimes difficult to decide whether the 
tumour cells were of epithelial or reticulum type, in Parte of the tumour its 
epithelial nature was obvious. 

A radical course of radiotherapy resulted in regression in size of the cervical 
glands and nasopharyngeal tumour and a marked improvement of the proptosis. 
However he soon developed jaundice and a palpable liver and died 8 months 
after treatment. 


Case 3 

A female child 13 years of age was admitted to hospital with a 12 month’s history 
of intermittent deafness and nasal discharge on the right side. Examination 
showed a nasopharyngeal tumour obstructing the eustachian tube. 

Histological examination of a biopsy specimen showed an anaplastic carcinoma 
with very little stromal reaction but infiltrated with lymphocytes, plasma cells 
and eosinophils. The tumour cells had a similar appearance to Cases 1 and 2, 
having a large spherical nucleus with a sharply defined nuclear margin, poor in 
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chromatin and with one or two prominent nucleoli. In some parts the cytoplasmic 
borders of the cells were distinct, in others a syncytial arrangement was present. 

The child was treated by a radical course of radiotherapy with a temporary 
regression of symptoms. However she died 11 months after treatment with a 
recurrent nasopharyngeal tumour and metastatic deposits in the liver, vertebral 
column and skull, 


Case 4 

A female child 13 years of age was admitted to hospital with a history of 
(1) deafness and nasal discharge on the right side of 12 months’ duration and 
(2) difficulty in swallowing and a sore throat of 3 months’ duration. 

On examination the child was undersized and had obviously lost weight. 
The soft palate was bulged forwards by a solid tumour lying behind it and filling 
the post-nasal space on the right side. At least one large soft fleshy gland was 
present under the upper end of the sternomastoid, filling the carotid triangle 
and possibly concealing other glands. 

Histological examination of a biopsy specimen from the nasopharyngeal 
tumour showed an anaplastic tumour consisting of sheets of syncytial cells with 
large, spherical, bioated hydropic nuclei with one or two nueleoli (Fig. 5 and 6). 
The sheets of tumour cells were separated by strands of fibrous tissue infiltrated 
by lymphocytes, plasma cells and occasional eosinophil leucocytes. Although 
at the surface of the tumour it was possible to trace the continuity of the tumour 
cells with the epithelium in the deeper parts of the tumour the degree of anaplasia 
and the extent of hydropic degeneration of the nuclei was such that it was impossible 
to have told their tissue of origin. 

A radical course of radiotherapy resulted in the disappearance of the naso- 
pharyngeal tumour and the enlarged cervical gland with relief of symptoms. 

At the time of writing, 12 months after treatment, there is no evidence of any 
local recurrence. There is, however, a swelling of doubtful nature overlying the 
sacrum, which shows radiological evidence of invasion of the underlying bone and 
is presumably a metastatic deposit. 


Case 5 

A young adult male, 17 years of age was referred to hospital with a history 
of painless, bilateral cervical adenopathy of 1 year duration. 

On examination the cervical glands on both sides were enlarged and hard, 
those on the right side being fixed to the adjacent tissues ; and there was a tumour 
bulging the posterior pharyngeal wall forwards. 

A biopsy excision of one of the left cervical nodes was performed. Histological 
examination showed that although the nodal architecture was still recognisable 
there was an extensive infiltration, chiefly in the sinusoids of anaplastic carcinoma 
(Fig. 7 and 8). The tumour was essentially similar to the previous cases described, 
although its epithelial nature was more obvious than in some of them ; the syn- 
cytial arrangement and hydropic degeneration of nuclei being less marked. 

A radical course of radiotherapy resulted in regression of the nasopharyngeal 
tumour and cervical glands. The patient died 2} years after treatment, the 
nasopharyngeal tumour being recurrent and metastatic deposits present in the 
vertebrae, pelvis, ribs and skull. 
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Case 6 


A young adult female, 18 years of age, was referred to hospital with an 8 
months’ history of trismus. On examination she had bilateral enlarged cervical 
glands and a tumour in the nasopharynx. 

Histological examination of one of the cervical glands showed a similar 
appearance to the glands examined in Cases 2,4and 5. The sinusoids were stuffed 
with sheets of syncytial cells with large oval vesicular nuclei having one or two 
nucleoli. A few of the nuclei showed hydropic degeneration. The residual 
lymphoid tissue which was infiltrated with plasma cells and eosinophil leucocytes 
formed narrow trabeculae between the anastomosing cords of tumour cells 
(Fig. 9 and 10). 

The patient was treated by a radical course of radiotherapy which resulted in 
regression of the nasopharyngeal tumour and cervical glands and relief from the 
trismus. She died 3 years after her first treatment having remained well for 
2 years before the nasopharyngeal growth was found to be recurrent. At the time 
of her death the tumour had spread up through the base of the skull to involve the 
brain. 


Case 7 


A female, 26 years of age, was referred to hospital with a 14 months’ history 
of intermittent swelling of the left cervical glands. On examination a | 
mass of mobile glands was found below the angle of the jaw on the left side. In 
spite of careful examination no primary tumour could be found. 

Local excision of the glands was carried out and histological examination 
showed an appearance almost identical with Case 5. There was an extensive 
infiltration of the sinusoids by sheets of anaplastic carcinoma cells some of which 
assumed a syncytial form, but mostly their cytoplasmic borders were distinct. 
The sheets of tumour cells were separated by trabeculae of compressed lymphoid 
tissue infiltrated by plasma cells and occasional eosinophil leucocytes. 

Eight months after the local excision the patient received a radical course of 
radiotherapy to recurrent glands. Following radiotherapy she remained well 
for almost a year, when recurrent cervical glands necessitated block excision of 
the glands first of the left and then of the right side, palliative radiotherapy 
was given to metastatic deposits in the liver. : 

The patient died 3 years and 9 months after the original local excision, with 
recurrent tumour in the neck and metastatic deposits in the liver. 


DISCUSSION 


malignant nasopharyngeal turaours are uncommon except in some 
parts of the far East, where they “ may rank second in frequency in a list of all 
malignant diseases” (Martin and Blady, 1940; Digby, Fook and Che, 1941). 
In the area covered by the Merseyside Cancer Registration scheme primary 
nasopharyngeal tumours form 0°2 per cent of the total number of cases of malignant 
disease registered. There appears, however, to be a relatively high incidence of 
nasopharyngeal tumours in children and young adults in whom they form a 
fairly large percentage of the total number of cases of malignant disease. Ewing 
(1929) stated that carcinoma of the nasopharynx frequently occurs in young 
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subjects between the ages of 10 and 20 years. Martin and Blady (1940) stated 
that “‘ cancer of the nasopharynx occurs at an earlier age and is found more often 
in children and at ages below 30 than any other malignant growth of the upper 
respiratory and alimentary tracts”, 9 per cent of their cases of nasopharyngeal 
tumours occurred under the age of 15 years, and 18 per cent under the age of 30 
years. Dargeon (1940) in a series of 218 cases of cancer in children observed 
7 primary nasopharyngeal tumours; and Digby, Fook and Che (1941), in an 
analysis of 114 cases of nasopharyngeal carcinoma, also found that the disease 
occurs not infrequently in children and young adults. 

The commonest type of malignant nasopharyngeal tumour which is reported 
in children and young adults appears to be the so-called “ Regaud ” or epithelial 
type of lympho-epithelioma. Cappell (1934, 1938) in his papers on nasopharyngeal 
tumours included 9 cases of lympho-epithelioma of the nasopharynx, 3 of whom 
were under the age of 25 years. He placed these 3 cases into the so-called ‘‘ Regaud 
type of lympho-epithelioma ” group which he considered to be frankly carcino- 
matous. The tumours were characterised by strands or sheets of epithelial cells, 
often syncytial in arrangement with large pale staining vesicular or sometimes 
bloated nuclei, embedded in a fibrous stroma more or less rich in lymphocytes. 
Ewing (1929) and Dargeon (1940) described their cases of nasopharyngeal cancer 
in children as lympho-epitheliomas or transitional cell carcinomas. Batory 
(1954) reported a nasopharyngeal carcinoma in a female child 10 years of age. 
Biopsy examination of the primary tumour and of the metastatic cervical nodes 
showed a lympho-epithelioma having a thin collagenous stroma infiltrated by 
lymphocytes and islands of large reticulum cells. 

The histological features and clinical characteristics of the 7 cases reported 
in this paper are similar to those described by Ewing, Cappell, Dargeon and Batory. 
From the pathological point of view these tumours would appear to have an 
epithelial origin. Their mode of spread first to local lymph nodes and then to the 
liver and skeletal system is that of a carcinoma, as is their mode of growth within 
the lymph nodes where they infiltrate the sinuses. The “ intimate” inter- 
mingling with lymphocytes is probably fortuitous, the nasopharynx in children and 
young adults being characterised by abundant lymphoid tissue. Within the 
lymph nodes the lymphocytes are mostly present as compressed cords of residual 
lymphoid tissue between the sheets of anaplastic tumour cells rather than diffusely 
intermingled with them. In the present series it was possible in one case to 
examine metastatic deposits outside the lymphoid system, i.e. the liver. The 
deposits in the liver consisted of one cell type only, the anaplastic epithelial 
cell, and lymphocytes were absent. 

Although probably epithelial in origin these tumours are not typical squamous 
carcinomas either clinically or histologically. They occur at an earlier age, are 
more radiosensitive and metastasise earlier than squamous lesions, and histo- 
logically they never show any evidence of intercellular bridges, keratinisation or 
epithelial pearl formation. They have certain similarities to the transitional 
cell epidermoid carcinomas described by Quick and Cutler (1927); both are radio- 
sensitive and histologically in both types “ spines, hornification and pearl formation 
are regularly absent”. However Quick and Cutler describe their tumours as 
being composed of “small cells uniform in size with a relatively large hyper- 
chromatic nucleus and scanty cytoplasm. They are closely packed, with little 
intercellular substance. The cells sometimes form solid groups, sometimes they 


| . 


200 E. M. McCONNELL 


grow in anastomosing columns of opaque granular cells with convolutions.” 
This description does not quite fit with the tumours described in this paper. 

The mucosa of the nasopharynx is derived from the entoderm of the primitive 
gut. It is of several types—pseudostratified ciliated columnar, stratified 
columnar and stratified squamous with both mucous and mixed glands. It is 
possible that the nasopharyngeal tumours in children and young adults arise 
from the columnar epithelium. Cells with very similar features to the better 
differentiated tumour cells can be seen in the pseudostratified columnar epithelium 
lining the ducts from the submucosal glands. The fact that with increasing 
age the ciliated pseudostratified columnar epithelium is replaced by stratified 
squamous over large areas may explain the preponderance of these tumours in the 
younger age group. 

Clinically the primary tumours are characteristically symptomless in the early 
stages and the commonest initial symptom is painless swelling of the cervical 
glands. In a few cases the initial symptoras are due to the presence of the naso- 
pharyngeal tumour—obstruction to the eustachian tube giving rise to deafness, 
involvement of the adjacent nerves giving a neuralgic type of pain, and involve- 
ment of the pterygoid muscles causing trismus. In the present series painless 
cervical adenopathy was the initial symptom in 5 cases, in one of which it was 
associated with trismus. In the other 2 cases intermittent deafness and nasal 
obstruction were the initial symptoms. In 6 of the cases careful examination 
revealed the presence of the nasopharyngeal tumour. 

In the treatment of the tumours radiotherapy holds out the best hope of 
cure. In view of the inaccessible site of the primary growth and the extensive 
metastatic deposits which are present in the cervical glands before the diagnosis 
is made surgical treatment is usually limited to diagnostic biopsy procedures. 

Although extremely radiosensitive the prognosis of nasopharyngeal carcinomas 
in children and young adults is very bad, the average survival being about 2 
years from the onset of symptoms. In the present series one patient is still 
alive 12 months after treatment but with a swelling over her sacrum involving 
the bone. The average survival time in the other 6 cases was 2 years after treat- 
ment or 3 years after the onset of symptoms. Local recurrence occurred in 5 
cases in 2 of which extension to the brain was present. Metastatic deposits were 
present in the liver in 4 cases and in the skeletal system in 2. The prognosis would 
probably be improved if the diagnosis was rnade earlier in the course of the disease, 
the average time interval between the initial symptoms and diagnosis being 
14 months. 


EXPLANATION OF PLATES 


Fic. 1.—Islet of tumour cells within the sinus of a submaxillary lymph node. Casel. x 260. 

Fic. 2.—Metastatic deposit in the liver. Casel. x 65. 

Fic. 3.—Nasopharyngeal tumour showing typical syncytial mass of cells with charac- 
teristic nuclei. Case 2. x 260. 

Fic. 4.—Nasopharyngeal tumour. Case 2. x 66. 

Fic. 5.—Nasopharyngeal tumour. Case 4. x 65. 

a: 6.—As Fig. 5 showing an area of extensive hydropic nuclear degeneration giving rise to 

“ bloated ” appearance of the nuclei. x 260. 

Fie. 7.—Cervical lymph node showing infiltration of sinuses by tumour. Case 5. x 65. 

Fic. 8.—As Fig. 7. x 260. 

Fie. 10—As Fig 9. xX 260. 
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The familial incidence in Cases 1 and 2 is extremely interesting. Although 
some of the tumours of childhood, notably the retinoblastomata, are known to have 
a familial incidence ; I can find no other familial cases of nasopharyngeal tumours 
in children or young adults. 


SUMMARY 


Seven cases of primary nasopharyngeal tumours occurring in children and 
young adults are recorded ; two are of particular interest occurring in children 
from one family. The tumours have the clinical characteristics of the so-called 
“lympho-epithelioma ” and, although they have the characteristic histological 
appearances of “ Regaud type” of lympho-epithelioma, reasons are given why 
the tumours are best regarded as a special type of carcinoma. 


I wish to thank Dr. J. S. Fulton for permission to use the clinical records of 
the Merseyside Cancer Register; Mr. E. Vernon, Mr. W. Beattie and Mr. J. B. 
Oldham for use of their records of Cases 4, 5 and 7, and also Dr. H. Vickers, 
Dr. E. Hall, Dr. G. Pantin, Dr. R. Winston Evans, Dr. F. Whitwell and Dr. R. 
Rawcliffe whose co-operation with the Pathological Register of malignant disease 
made available the histological material from Cases 2, 3, 4, 5, 6 and 7 respectively. 
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BRONCHOGENIC carcinoma occurring in a group of thirty men less than 40 
of age was the subject of a paper by Anderson e¢ al. (1954). It was concluded 
that the manifestations of the disease in young persons were in marked contrast 
to those in old people, and it was suggested that the variations represented the 
effect of different causal mechanisms. In the same paper reports in the literature 
of bronchogenic carcinoma occurring in children were reviewed, sixteen cases 
being tabulated. This list was not claimed to be exhaustive, and only those 
reports which contained adequate histological descriptions were included. It 
is difficult to determine the exact number of cases reported in the literature, as 
some are not fully described, while others are of a doubtful nature. However, 
in addition to the sixteen instances cited by Anderson et al. (1954), two cases 
in children have been reported by Suter (1952) and Faber (1953). Suter mentions 
five others which are not in Anderson’s list, and Beardsley (1933) quotes the cases 
of Nuscheler, McAldowie and Adler which are also not included. Statistical 
lists by other authors are referred to by Dick and Miller (1946) and by Suter, 
accounting for thirty-four additional cases. These figures make a total of sixty 
instances of bronchogenic carcinoma, occurring below the age of 21, that have been 
found in the literature, although many of these are mentioned only statistically 
or not fully described. 

The purpose of the present paper is to record two further cases of bronchogenic 
carcinoma in children, and a third in a young man of 22. The first was the subject 
of a recent surgical resection, while the other two were found in the Museum of 
St. Bartholomew’s Hospital. In view of the present-day attention focused on 
the incidence and aetiology of lung cancer, it is considered that these three unusual 
examples in young persons are of sufficient interest to warrant publication. 


Case 1 


J. C—, a school-girl aged 12 who lived in outer London, was admitted to 
hospital with a two weeks’ history of left-sided chest pain, which was worse on 
coughing, her health previously having been good. The only past history con- 
nected with the respiratory system was a mild attack of whooping-cough, and 
there was no family history of chest trouble. X-ray examination revealed a 
massive opacity in the region of the left lower lobe, and tomograms showed stenosis 
of the left lower bronchus. A malignant growth was considered possible, especially 
as the patient was reported to have had a normal chest X-ray four years previously. 
The Mantoux test (1/1000) was negative, the haemoglobin 80 per cent (Haldane), 
the white blood count 7800 per cu. mm. and the E.S.R. 71 mm. in 1 hour 


(Westergren). 
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A left pneumonectomy was performed and the patient was discharged from 
hospital five weeks later. Metastases subsequently developed, however, in the 
liver, and death occurred 9} months after the operation (10 months after the 
onset of symptoms). No post-mortem examination was carried out. 


Pathology of the resected lung 

The specimen consisted of a left lung, the pleura of which was thickened over 
the lateral aspect of the lower lobe. Sectioning revealed an extensive yellowish- 
white neoplasm (Fig. 1) measuring 11 x 9 x 8 cm. and appearing to arise from 
the main lower lobe bronchus distal to the apical branch. The tumour extended 
laterally to the pleural surface, inferiorly to within 2 cm. of the diaphragmatic 
surface and medially to project into the hilum of the upper lobe. The cut surface 
showed areas of tumour necrosis and neoplastic infiltration of broncho-pulmonary 
lymph nodes. Large blood vessels at the hilum were also surrounded by neoplastic 
tissue, though no points of rupture could be seen. 

Microscopic examination shows an anaplastic carcinoma (Fig. 2) consisting 
of closely packed round and polyhedral cells with scanty cytoplasm and large 
vesicular nuclei with prominent nucleoli. Mitoses are numerous and there is 
evidence of venous, lymphatic (Fig. 3) and alveolar spread. Inflammatory cell 
infiltrations and areas of necrosis and of lipoid pneumonia are also present. The 
broncho-pulmonary lymph nodes show direct neoplastic infiltration, but no meta- 
stases can be seen in the carinal or other tracheo-bronchial nodes. 


Case 2 

J. C. D—, a boy of 16 from central London, was admitted to hospital (Decem- 
ber 4, 1928) complaining of cough and pain in the right side of the chest. He 
had been well until five months previously when he had been in bed for a week with 
a cough and “influenza”. This was followed a week later by a sudden sharp 
pain in the right side of the chest, which was worse on taking a deep breath. 
Although the symptoms of cough and pain improved for short periods, the patient 
never felt well and was under constant medical treatment, having been diagnosed 
as a case of rheumatic fever and of pleural effusion at different times. There was 
no significant family history, and the only past history was the removal of tonsils 
and adenoids at the age of 10. On examination the boy was pale, but not dysp- 
noeic or cyanosed, and there were physical signs suggestive of an empyema or lung 
abscess, but no fluid was obtained on needling the chest. X-ray examination 
showed a dense opacity of uncertain nature in the lower part of the right lung, 
and bronchoscopy revealed pus coming from the right main bronchus. There was 
fairly copious black and yellow sputum which was streaked with blood, but no 
tubercle bacilli were found. There was also evidence of active chronic sinusitis and 
pharyngitis. The white blood count fluctuated around 20,000 per cu. mm., and 
there was irregular pyrexia. The urine was normal. . 

Exploratory thoracotomy was carried out six weeks after admission, and a 
thoracoplasty was performed together with drainage of what was thought to be 
a lung abscess secondary to bronchial obstruction. The pleurae were found to be 
thickened and adherent, but there was no empyema. Culture of the pus from the 
lung yielded a growth of Pfeiffer’s bacillus. The patient died one month after 
the operation (7 months after the onset of symptoms) with signs of spreading 
infection. 
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Main post-mortem findings 

Thoracic contents.—The right pleural cavity was obliterated and the visceral 
and parietal layers firmly adherent. Sectioning of the right lung showed a 
whitish neoplasm (Fig. 4) measuring approximately 6 x 7 x 8 cm. situated 
around the hilum and extending widely to involve the para-tracheal lymph 
nodes, the pericardium and part of the wall of the left atrium. The lung tissue 
peripheral to the tumour showed pneumonic consolidation with pus in the bron- 
chioles. The pericardial sac contained about 7 oz. of thick brownish fluid, and 
both layers were covered by a shaggy fibrinous exudate (Fig. 4). The left pleura 
was normal, and the left lung was congested and oedematous, but no metastases 
were found. 

Liver and kidneys.—Showed evidence of congestion but were otherwise normal, 
and no metastases were found. Other organs examined and found to be normal 
were the brain, thyroid, peritoneum, storaach, intestines, pancreas, mesenteric 
lymph nodes, suprarenals, ureters and bladder, testes and prostate. 

Microscopic examination of the tumour shows a poorly differentiated bron- 
chogenic carcinoma of predominantly oat-cell type (Fig. 5). In places, however, 
the cells are spindle-shaped or columnar (Fig. 6) and have an alveolar arrangement. 
There is a well marked fibrous tissue stroma, and areas of haemorrhage and necrosis 
are fairly numerous. Many small lymphatic vessels are permeated by neoplastic 
tissue. One of the main bronchi shows extensive acute and chronic inflammatory 
changes, with hyperplasia of mucous glands and dilatation of the glandular ducts. 
Many of the smaller bronchi are dilated and contain pus, and the alveoli distal 
to the tumour contain oedema fluid and inflammatory exudate. 


Case 3 

W. K—, a male shop-assistant aged 22 from outer London, was admitted to 
hospital (September 10, 1928) with a history of an unproductive cough during the 
previous nine months and increasing breathlessness for six months. There bad 
also been occasional pain in the back and in both sides of the chest arteriorly. 
The patient had a poor appetite, was losing weight, slept badly and had night 
sweats. A very small clot of blood had occasionally been expectorated. There 
was a past history of bronchopneumonia and measles as a child, but no significant 


EXPLANATION OF PLATES 
Fic. 1.—Case 1. The left lung sectioned to show the tumour extending from the hilum to the 


Fic. 2.—Case 1. Photomicrograph showing anaplastic carcinoma, Haematoxylin and eosin. 
500. 


Fic. 3.—Case 1. Photomicrograph showing carcinomatous infiltration of a dilated pulmonary 
en vessel. Haematoxylin and eosin. x 165. 

Fic. 4.—Case 2. The right lung sectioned to show the hilar — extending into adjacent 
structures. A well-marked fibrinous pericarditis can also be seen 

Fic. 5.—Case 2. Photomicrograph showing a poorly differentiated carcinoma of predominantly 
oat-cell type. Haematoxylin and eosin. x 530. 

Fic. 6.—Case 2. Photomicrograph of the tumour showing an area of spindle-shaped and 
columnar cells. Haematoxylin and eosin. x 570. 

Fic. 7.—Case 3. Photomicrograph of a suprarenal metastasis showing clumps of carcinoma 


Fra 8--Caso 3. Photomicrograph showing carcinoma cells of mixed type with a suggestion 
of glandular arrangement. Haematoxylin and eosin. x 380. 
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family history. On examination the neck veins were very prominent and there 
were physical signs of collapse and consolidation of the right lung. Cutaneous 
nodules were present over the lower part of the sternum and in the lower lumbar 
region ; a histological section of the latter (now lost) was reported as showing a 
malignant tumour composed of columnar epithelium having an alveolar arrangement 
in places. A chest X-ray showed displacement of the heart and trachea towards 
the right side with an opaque right lung field, suggesting massive collapse of the 
right lung. Deep X-ray therapy was given, but the patient had increasingly 
severe attacks of dyspnoea and eventually died 17 days after admission (9} 
months after the onset of symptoms.) 


Main post-mortem findings 

Lungs.—A mass of growth was found at the hilum of the rightlung. Neoplastic 
tissue extended laterally into the middle and lower lobes, and medially to involve 
the lymph nodes at the bifurcation of the trachea ; it was also occluding the right 
main bronchus and projected for a short distance into the lumen of the left 
bronchus. Much of the right lung distal to the tumour showed collapse and 
bronchiectasis, and there were dense pleural adhesions. The left lung showed 
basal bronchopneumonia. 

Liver.—Two small subcapsular metastases were present on the inferior surface 
of the left lobe. 

Kidneys.—Small subcapsular tumour nodules were present on both sides. 

Suprarenals.—The right gland was replaced by a mass of firm pinkish-white 
growth measuring about 8 cm. in diameter. The left gland was spread out over a 
metastasis of similar appearance measuring about 5 x 3 x 2-5 cm. 

Retroperitoneal lymph nodes.—Some were enlarged by metastatic deposits. 

Microscopic examination of the tumour shows a poorly differentiated broncho- 
genic carcinoma, the cells being arranged in solid clumps and sheets with a well 
developed stroma and numerous areas of necrosis (Fig. 7). The cells are of mixed 
spindle-shaped, polyhedral and columnar types, with an occasional papillary 
glandular arrangement (Fig. 8) and a very occasional suggestion of squamous 
cell nest formation. Mitoses are fairly numerous. 


DISCUSSION 


The observations by Anderson et al. (1954), derived from their own cases and 
from other authors quoted, suggest that in bronchogenic carcinoma in young 
persons—(1) there is a preponderance of peripheral growths ; (2) there is a rela- 
tively small number of the squamous cell variant ; (3) the average duration of 
life from the onset of symptoms until death is shorter than in older persons. 

In considering the three cases reported in this paper, the tumour in the first 
was too extensive to determine the site of origin, but the last two were certainly 
hilar growths. The main presenting symptoms were pain in the chest in the first 
case, cough and pain in the chest in the second, and cough and breathlessness with 
occasional chest pain and haemoptysis in the third. As regards histological 
types the tumour in the first case is undifferentiated, in the second of predomi- 
nantly oat-cell type, while in the third the growth is poorly differentiated but 
of mixed cellular type. In this connection it is of interest to note the prepon- 
derance of undifferentiated and adenocarcinomas in children and young adults 
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(Anderson et al., 1954) although Suter’s (1952) case of a squamous cell broncho- 
genic carcinoma in a girl aged 6} is a striking exception. The average duration 
of life from the onset of symptoms until death in the three cases considered here 
was nine months, which is in accord with the shorter duration noted in other 
young persons as mentioned above. 

In connection with the aetiology of bronchogenic carcinoma Ochsner et al. 
(1952) state that ‘‘ the relative incidence of adenocarcinoma decreases with advanc- 
ing age ; whereas the incidence of epidermoid carcinoma increases with advancing 
age. The latter is probably due to the carcinogenic effect of tobacco acting for 
a longer time. Adenocarcinomas probably originate in embryonic rests (and) 
are likely to become evident at earlier ages. Their incidence is not affected by 
smoking ”’. It is obviously difficult to assess the correctness of these ideas or to 
draw as yet any firm aetiological conclusions from the occurrence of bronchogenic 
carcinoma in children and young adults. It is felt, however, to be important 
that such cases should be recorded as they cannot be disregarded in any aetio- 
logical concept of the disease in older persons, and they may eventually throw some 
new light on a difficult problem. 


SUMMARY 


The literature on bronchogenic carcinoma occurring in patients below the age 
of 21 is reviewed, 60 instances being found, although 34 of these are mentioned 
only statistically. Two further cases in a girl, aged 12 and a boy, aged 16 are 
described, and a third case in a young man of 22 is also recorded. These are 
briefly compared with the findings of other authors, particular attention being 
paid to histological types and their possible relationship to aetiology. 

I wish to thank Professor J. W. 8. Blacklock for helpful advice, Mr. I. M. 
Hill for the use of one of his cases, Mr. J. W. Miller for the histological sections, 
Mr. N. K. Harrison for the photographs and Dr. G: 8. Sansom for the 


photomicrographs. 
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A CASE OF DUCT PAPILLOMA WITH MALIGNANT CHANGE 
IN A MALE BREAST 


G. R. BENETT 
Victoria Hospital, Mauritius, and the Postgraduate Medical School of London 


Received for publication March 29, 1958 


Tumours of the male breast are rare but have attracted clinical attention since 
Ambroise Paré (1510-90) mentioned one of the first cases. Few surgeons see more 
than one case in a lifetime; most of these tumours are scirrhous carcinomas and 


papillary tumours are rare enough to justify a single case report. 


CASE REPORT 


History —M. A. B—a male schoolteacher age 64 complained of a painless lump 
in the right breast which was slowly increasing in size. The lump was first noticed 
two years previously. There had been no discharge from the nipple. 

On examination.—The patient was a healthy man in excellent general condi- 
tion. In his right breast was a hard, movable lump 1} by 1 in. in size situated 
under the nipple and areola. The lump was not attached to the pectoralis muscle. 
There were no palpable glands in his axilla. The left breast was normal. 

Operation.—Mastectomy on 24.ix.54 at Victoria Hospital, Mauritius (Dr. 
A. Celestin and Dr. E. H. Madge). By way of a 4 in. elliptical incision centred on 
the nipple, a simple mastectomy was performed with removal of pectoral fascia 
and some axillary fat. The tumour was then laid open and was found to take the 
form of a tense cyst filled by turbid fluid and with a papilloma in its wall. 

The post-operative course was uneventful and the patient was discharged on 
4.x. 54. 

Follow-wp.—15.ii.58.—The general condition was excellent; there was no 
sign of recurrence ; the scar and axilla were clear and X-rays showed no evidence 
of pulmonary secondaries. 

Pathology (Professor C. V. Harrison and Dr. A. G. E. Pearse) : 

Macroscopy.—Breast segment has skin surface 60 x 40 mm. with central 
nipple 6 mm. in diameter with surrounding areola 28 mm. wide—the underlying 
fibro-fatty tissue was 20 mm. deep. Beneath the nipple was a large thin-walled, 
smooth-lined cyst 30 mm. diameter which had been opened. On one lateral wall 
of the cyst was a sessile papillary tumour 13 mm. in diameter and elevated 6 mm. 
above the surface (Fig. 1). 

Microscopy.—The cyst was lined by rather acellular fibrous tissue without any 
epithelial surface. The tumour itself showed tremendous epithelial cell prolifera- 
tion. The cells were large polygonal in type with large vesicular nuclei and were 
arranged both in elongated papillae and in solid cell masses. Mitotic figures were 
not infrequent (Fig. 2). At the base of the tumour isolated cell groups were present 
oxtending widely in the fibrous tissue of the breast (Fig. 3). These appearances are 
‘hose of a papilloma of intraduct origin, but in view of its apparent spread into the 
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surrounding connective tissues, the possibility of early malignant change must 
be considered. 


DISCUSSION 


The rarity of breast tumours in the male is said to be accounted for by the 
absence of oestrogenic stimulation ; the present use of stilboestrol in the treatment 
of carcinoma of the prostate has led to a few cases of breast cancer (McClure and 
Higgins, 1951). 

The male breast can be affected by the same pathological types of tumours as 
occur in the female. Cheatle and Cutler (1931) give the incidence of mammary 
tumour in the male as 1 per cent of all mammary tumours. Of the tumours in the 
male breast 1 per cent are papillary cystadenomas. 

In the female breast duct papilloma is fairly common ; it must not be confused 
with the microscopic papillomatosis of cystic mastitis (fibro-adenosis). Most 
authorities agree that duct papilloma can undergo malignant change but there is 
no general agreement regarding the incidence of this change ; they believe that 
papillary carcinoma can arise spontaneously or as a result of malignant change in 
a duct papilloma. Haagensen, Stout and Philips (1951) take the opposite view ; 
they consider that papillary carcinoma is very rare and of low malignancy and 
that it arises de novo. Stewart (1950), struck by the difficulty of differentiating 
histologically a duct papilloma from a papillary carcinoma, classified duct papil- 
lomas with excessive cell hyperplasia or other abnormality but without “ in- 
vasiveness ” as “ carcinomas in situ”, and those with “ invasiveness ”’ as papillary 
carcinoma. 

The relative incidence of duct papilloma and papillary carcinoma in the female 
is well shown by Snyder and Chaffin (1955) who, reviewing 2915 breast tumours at 
The Good Samaritan Hospital, Los Angeles, from 1922 to 1949, found 135 cases 
(4-6 per cent) of duct papilloma. Of these, 24 would be “ carcinomas in situ ” and 
2 papillary carcinomas if Stewart’s classification were used. Adair (1953) gave a 
relative incidence of 53 per cent benign duct papillomas to 47 per cent malignant. 
MacLean (1953) regarded 1-6 per cent of breast cancers as papillary in a review of 
546 breast cancers at the Winnipeg General Hospital. 

In the male breast, duct papilloma is extremely rare, only 3 reported cases 
could be traced by Geschickter (1943), and Moroney (1946) has reported one 
subsequent case of multiple duct papilloma. 

Carcinoma of the male breast, though also rare is much less so than duct 
papilloma and Geschickter found that a higher proportion of breast cancers are 
papillary in the male than in the female. Treves and Holleb (1955), reviewing 
146 cases of male breast cancer at the Memorial Hospital, New York, from 1924 
to 1954, found 12 cases of papillary carcinoma (8-2 per cent). 

Only two cases of duct papilloma in the male breast with evidence of malignant 
change can be traced in the literature : one was reported by Geschickter (1943) 
and the other by Wainwright (1927). The present case falls in this group in that 


EXPLANATION OF PLATE 
Fic. 1.—Naked eye appearance of cyst with papilloma arising from wall. 
Fie. 2.—Low power view of duct papilloma of breast showing at bottom left some invasion 
of base. 


Fic. 3.—High power intimate structure of duct papilloma. 


is 
£ 
7 
se 
4 
EE 


Vol. XII, No. 2. 


Zz 
< 
° 
< 
° 
= 
Dn 
E 
= 
= 


- 
cm. 
1 
2 
Benett. 


MALIGNANT DUCT PAPILLOMA IN MALE BREAST 209 


the histology of the tumour appears to be that of a duct papilloma even though 
there is some apparent spread in the base. 

Clinically the long history before this patient presented for treatment is quite 
in keeping with previously reported cases ; Cheatle and Cutler (1931) considered 
the average delay in seeking advice to be 25 months, and found that 75 per cent 
of papillary tumours of the male have a serosanguinous discharge, 33 per cent pain. 

The treatment of benign (papillary) tumour in the male breast seems to require 
simple mastectomy ; malignant tumours are treated just as are cancers of the 
female breast. 

The prognosis of cancer of the breast is well known to be less favourable in the 
male than in the female, yet Treves and Holleb (1955) have shown that papillary 
carcinoma has an excellent prognosis, 6 of their 12 cases mentioned above being 
without recurrence 5 years after radical mastectomy; this compares very 
favourably with their overall five-year survival rate of 29-1 per cent. 


SUMMARY 


1. A case of duct papilloma in the male breast with early malignant change is 
reported. 

2. The literature is reviewed regarding the incidence, pathology and prognosis 
of papillary tumours in the male breast. 


I wish to express my gratitude to Professor C. V. Harrison and Dr. A. G. E. 
Pearse of the Department of Pathology, Postgraduate Medical School, London, 
for their opinions, advice and encouragement. 


My thanks are due to Dr. A. Celestin and Dr. E. H. Madge who had charge 
of the patient and Dr. R. Lavoipierre, Director of Medical Services, Mauritius for 
permission to publish this case. 
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TRANSPLANTATION FROM MAN TO MOUSE OF EXUDATES 
CONTAINING TUMOUR CELLS 


HANS-GEORG [VERSEN 
From the Finsen Institute and Radium Centre, Copenhagen 
Received for publication March 4, 1958 
In an earlier article on the transplantation of human tumours into cortisone- 


treated mice (Iversen, 1956), it was shown that apart from the prolonged survival 
of several transplanted solid tumours in one or more of the animals in the treated 


groups, there were found to be especially favourable conditions for implantations. 


when ascitic fluid containing a high percentage of tumour cells was inoculated 
intraperitoneally in the experimental animals. This procedure resulted in the 
development of an ascites tumour in four out of nine cortisone-treated mice, 
and this tumour showed increasing growth rate and ability to adapt to the animals. 
As early as from the third passage it could be carried also in untreated mice. 

One of the great difficulties found when attempting to obtain a successful 
take of heterologous tumours, is that the proliferating tumour cells must receive 
a supply of stroma from the animal host (Clemmesen, 1938), and the use of large 
doses of cortisone for the purpose of depressing the production of antibodies will 
restrain the formation of fibroblasts (Ragan, Howes, Plotz, Meyer and Blunt, 
1949 ; Spain, Molomut and Haber, 1950; Baker and Whitaker, 1950), and thus 
increase the difficulty of obtaining growth of the grafted tumours. By the 
intraperitoneal transplantation of exudates containing tumour cells it is perhaps 
possible to overcome this problem, providing the inoculated cells-can be kept in 
suspension. Furthermore, the use of exudates shortens the transplantation 
time and the intraperitoneal depositing of the malignant ceils prequmably gives 
especially favourable growth conditions (Klein, 1951). 

The purpose of this present work has therefore been to examine the possi- 
bilities for proliferation of tumour cells from different human exudates following 
intraperitoneal implantation into cortisone-treated and/or roentgen-irradiated 
mice. Furthermore, an attempt has been made to identify the tumour cell 
chromosomes, both in the human exudates and in the ascitic fluids formed in the 
animals, with a view to observing possible changes in the chromosomes if adapta- 
tion of the human tumour cells should happen to take place in the animals. 
The above-mentioned ascites tumour (H.A.1), which until now (February 1958) 
has passed in more than 120 passages in untreated mice, has also been the object 
of chromosome examinations and the resulting findings are recorded below. 


MATERIAL AND METHODS 

The animals used for the experiments were mice from a subline of the Bagg 
strain and were two to three months old. Cortisone treatment was commenced 
four days prior to the transplantations, giving each mouse 1 mg. per day of the 
preparation “‘Cortone Merck”. This dose was diluted with physiological saline 
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until 0-1 ml. contained the desired quantity. The injections were given sub- 
cutaneously, and were continued every day until the animals died or were killed. 
The control animals received an injection of 0-1 ml. physiological saline each day. 
In a few experiments the action of cortisone was supplemented with an universal 
roentgen irradiation of 200 r 24 hours before the transmission. 

Exudates for the implantations were obtained from patients with disseminated 
malignant diseases, and immediately after aspiration, the fluid was injected 
intraperitoneally into the animals, giving each mouse 0-5 ml. The patients were 
selected by preliminary draining and examination of the exudate in smear pre- 
parations in order to prove contents of large number of tumour cells or tumour 
cell complexes, and to ensure cells with marked nuclear polymorphia or mitoses 
with at least hyperdiploid chromosome number. 

Inoculations were carried out alternately on cortisonized and control animals. 
All the mice were inspected daily and on the tenth day after the transplantation, 
and on every following fifth day an abdominocentesis was carried out in every 
animal and present fluid aspirated for cytological examination. Animals still 
alive 90 days after the transplantation were killed. A complete autopsy was always 
performed. 

Routine, all specimens of aspirated fluid were stained with haematoxolin- 
eosin. For the examination of the chromosomes an aceto-orcein stained squash 
preparation was made after the method of Levan and Hauschka (1952), but the 
aim was only to demonstrate the dominant number of chromosomes in the speci- 
men in question, and by studying the form of the single chromosomes to seek to 
establish either human or murine characteristics. The author has not felt compe- 
tent to undertake a more accurate survey of the chromosome morphology. It 


should be noticed that only the usual haematoxylin-eosin stained preparations were 
made from the first and most interesting passages of the ascites tumour H.A.1, 
as it was not fully realized three years ago that a further interesting field might 
be opened up by a more detailed examination of the chromosomes. 


RESULTS 


The results obtained from intraperitoneal implantation of 15 different human 
exudates containing tumour cells are shown in Table Ia and Ib. It was seen that 
ascites with definite and vigorous tumour cells were found after ten days in one 
or more of the treated animals in five of these experiments, whereas tumour 
cells were never found in the untreated animals after this time. 

In some of the positive animals from these five series the content of tumour 
cells was considerably larger than that which had been present in the original 
exudate transplanted, and not infrequently mitoses were seen. 

In a few cases successful transmission of the created ascites tumours into more 
transfer generations of treated animals was possible, but no success was achieved 
with the attempt to obtain permanent growths comparable with that seen in the 
earlier experiment with the H.A.1 tumour. 

Where possible a cytological comparison was made between the tumour 
cells in the transplanted exudate and in the ascites from the animals. This 
was in order to examine the nature of the chromosomes and an eventual gross 
change in their morphology. 

A description of the experimental conditions in the five 
ments will be given in the following. 


positive experi- 
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TaBLE I.—List of Human Tumour Cell Containing Exudates Inoculated in Mice 
Treated with Cortisone, Cortisone -+- Roentgen Irradiation or Roentgen 
Irradiation Alone 

(The parentheses in the result columns indicate the longest period (in 
days) after which tumour cells were found in the groups concerned.) 


Nature of Number of mice with takes 
Patient Nature of exudate - A ~ 
No. Sex. primary tumour used Cort. Cort. + Rtg. Rtg. Control. 
(a) “‘ Positive” Group. Tumour Cells for 10 days or more 
R.64561 . F. . Squamous cell. carc. . Ascitic fluid . 4/9 —_ — 0/10 
(cervix) (Permanent 
Solid carcinoma growth) 
(breast) 
R.62705 . ,, . Solid and adenomatous. Pleural fluid . 1/10 (20) — — 0/10 
carcinoma (breast) . . 
(breast) (3 passages 
R.64911 . ,, Solid and adenomatous . » + 2/9 (15) 1/7 (25) 0/9 0/10 
carcinoma (breast) 
R.81258 . ,, Solid carcinoma . Ascitic fluid . 4/10 0/10 
(ovary) (5 passages) 
(b) “* Negative’ Group. Tumour Cells not surviving 10 days 
R.78083 . F. . Adenocarcinoma . Ascitic fluid . 0/10 0/8 — 0/10 
(ovary) 
E.40273 . ,, Lymphosarcoma Pleural fluid . 0/10 0/10 
R.83428 ., o ~« one 0/10 
R.82239 .,, . Solid carcinoma . Ascitic fluid . 0/9 0/8 0/10 0/9 
(ovary) 
Z.2482 .M.. Adenocarcinoma. « OF 0/9 
(stomach) 
« Solid carcinoma 0/6 0/9 0/10 
(oesophagus) 
R.76120 . F. . Solid carcinoma . Pleural fluid . 0/9 -- — 0/10 
(breast) 
R.84800 . ,, . Adenocarcinoma Ascitic fluid . 0/10 0/10 
(ovary) 
R.48962 . M. . Lymphosarcoma Pleural fluid . 0/8 0/10 
R.85159 F. Reticulosarcoma . Ascitic fluid . 0/9 — — 0/9 


1. Uterine and breast carcinomas (Patient No. R.64561) 


Ascitic fluid containing tumour cells was removed from a 75-years-old woman 
with metastases from primary carcinomas both in the uterine cervix and the 
breast. The patient’s history and the results of the transplantation have been 
described previously (Iversen, 1956). It is interesting that an ascites tumour 
was formed in four out of nine cortisone-treated animals incoculated with ascitic 
fluid, and from the third transfer generation the tumour would grow also in the 
untreated animals and with increasing rate of growth. Until the present 
(February 1958) the tumour has passed through more than 120 passages. 

Chromosome analysis of tumour cells from the 15th, 25th, 38th and 52nd passage 
respectively showed a rather uniform picture in regard to the average number of 
chromosomes and their morphology. 

-In these four transfer generations chromosome counts were undertaken. 
Each time between 50 and 78 cells in the metaphase were counted but it was 
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difficult to achieve accuracy as the small pairs of chromosomes so often were 
stuck together. 

As might be expected from the very marked nuclear polymorphia the cells 
showed a wide variation in chromosome numbers. The lowest total number of 
chromosomes found was 42 and the highest was 190. None of the counted cells 
showed a chromosome number corresponding to that of the diploid number for 
mice (40), and only in a few cells the number was around the diploid number for 
human cells (48). In Fig. 1 where the gross distribution of the chromosome 


HAI 
Passage no.52 


Number of cells 


Number of chromosomes 


Fie. 1.—Distribution of chormosome number in 74 cells from the 52nd passage of the ascites 
tumour H.A.1. A triploid stemline number is distinct. 


number is shown for 74 cells in the 52nd transfer generation of the tumour, the 
rather wide variation is seen, with distinct marking of a triploid stemline number. 

While it was not possible from the chromosome number to determine whether 
the cells were murine or human, the chromosome morphology disclosed unques- 
tionable murine characteristics (Fig. 2), as most of the larger pairs of chromosomes 
were I- or J-shaped and had terminal centromeres. Only exceptionally were 
V-shaped chromosomes with centrally placed centromeres present. 

The size of the chromosomes varied from slightly less than 10 , to a little more 
than 1 ~, but the majority were found to be around 6 ys. 

As had already been stated, no staining of the preparations from the first 
transfer generations of the tumour was carried out for the purpose of chromosome 
study ; therefore no accurate comparison has been possible. However, among 
the haematoxylin-eosin stained preparations from the very first passage there 
were many cells showing rather clear mitotic figures (Fig. 3), and a gross count 
of the chromosomes in 50 cells from this passage disclosed a stemline number of 
about 70 with a variation from about 50 to 150. One of the cells had several 
hundred pairs of chromosomes. The majority of the chromosomes in this first 
transfer seemed to be V-shaped (Fig. 4), so that at this time the characteristics 
of human cells might be retained. There was an obvious difference between the 
chromosome morphology in this and in the later orcein stained preparations, 
showing that, either there might have been an alteration in the chromosomes 
during the passages in the mice, or the tumour cells with human chromosome 
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characteristics in the first passage must have induced the formation of an ascites 
tumour with murine cell characteristics. 


2. Breast carcinoma (Patient No. R.62705) 

The patient was a 53-years-old woman with numerous metastases in the lymph 
nodes, skin, pleura and ovaries from a tumour in the breast. Histological exami- 
nation of the primary tumour showed a solid carcinoma with some adenomatous 
areas, and cytological examination of the copious pleural exudate revealed a 
moderate number of tumour cell complexes (Fig. 5). 


= 


Fic. 4.—Ideogram of the first transfer generation of the ascites tumour H.A.1. Most of the 
chromosomes have centrally placed centromeres. xX 1800. 


After draining the pleural fluid was immediately injected intraperitoneally 
into ten cortisone-treated and ten untreated animals. During the experimental 
period there was no obvious increase in size of the abdomen of any of the animals, 
but the routine abdominocentesis showed that one of the cortisone-treated 
female mice until 20 days after the inoculation contained ascites with a compara- 
tively large number of tumour cell like elements (Fig. 6), which in their morphology 
were similar to the cells seen in the transplanted exudate. Some mitoses were 
seen but it did not prove possible to produce preparations which would enable 
a study to be made of the chromosome picture. 

As the total amount of ascitic fluid in the one “ positive” animal was so 
small, it was estimated as never more than 1 ml., serial transplantation was not 
undertaken. 

At autopsy 90 days after inoculation neither this animal nor the rest of the 
treated and untreated mice showed ascites or solid tumour growths. 


3. Breast carcinoma (Patient No. R.67436) 

The patient was a 65-years-old woman with secondaries in the regional lymph 
nodes, skin, pleura and the lungs from a tumour in the breast. Histological 
examination showed a solid carcinoma, and microscopy of pleural exudate revealed 
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a good many complexes built up of epithelial cells with marked nuclear variations 
(Fig. 7). 

Following inoculation of the exudate into ten cortisone-treated and ten control 
animals the abdominocenteses in one male and two female mice from the 10th 
day and until the 20th, 45th and 50th day respectively after the inoculation 
showed tumour cell like elements. One of the female mice had a moderate 
swelling of the abdomen from the 20th to the 30th day; on the 25th day 2-5 
ml. ascitic fluid was removed from this animal and injected intraperitoneally 
into three hormone-treated animals and two controls (all females), each animal 
receiving 0-5 ml. 

In two of the mice in this second transfer generation ascites could be demon- 
strated with a moderate number of tumour cells up to 15 and 30 days respectively 
after the inoculations. No increase in the size of the abdomen could be detected 
in any of the animals, but a successful tapping was performed on one of the mice 
on the 20th day, and 1 ml. of fluid was obtained which was injected into two new 
cortisone-treated female mice. 

Both the animals in the third transfer generation developed ascites with the 
presence of tumour cell like elements. Neither animal, however, showed any 
observable swelling of the abdomen at any time although the presence of ascites 
could be demonstrated up until the 20th day after inoculation in the first animal 
and up to 40 days after transmission in the case of the second animal. Also 
it did not prove possible to aspirate sufficient fluid to inoculate a further transplant 
generation. 

The cell morphology in all the three passages was very similar to the cell 
picture in the human exudate. In the first passage the cells similar to those found 
in the patient’s pleural exudate were arranged in complexes and occurring in 
about the same concentration, but in the second and third passages the cells were 
lying singly or in small groups of two or three (Fig. 8). In the second passage 
especially, the tumour cell concentration seemed to be increased, and it was in 
this passage that the greatest number of mitoses was seen. No successful chromo- 
some preparations were obtained but the cells with the clearest mitotic figures 
showed mostly V-formed chromosomes so that the human characteristics appeared 
to have been retained. 

Autopsy 90 days after the inoculations showed that neither the treated nor 
the untreated mice had ascites or solid tumour growths. 


1. Breast carcinoma (Patient No. R.64911) 

The patient was a 6l-years-old female with metastases in the skin, lymph 
nodes, lungs and pleura from a tumour in the breast. Microscopy of the primary 
‘umour and the metastases had showed a solid carcinoma with some adenomatous 
bundles. A considerable pleural exudate was present and smear preparations 
‘rom this showed a lot of malignant epithelial cells some clumped together and 
others spread out (Fig. 9). 

The exudate was inoculated intraperitoneally into nine cortisone-treated, 
eight hormone-treated + roentgen irradiated, ten irradiated and ten untreated 
vnimals. Originally there were ten mice in each group, bur one of the corti- 
sonized mice and two of the mice with combined treatment died before the 
ransplatation could be carried out. The cause of death was presumed to be 
-nteritis. One of the combined treated mice and one of the irradiated animals 
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died one and four days respectively after inoculation. Here the cause of 
death was also presumed to be enteritis and the animals were crossed out of the 
experiment. 

After the tenth day ascitic fluid rich in tumour cells was found by routine 
tapping in two of the cortisone-treated female mice and also at the 15th day 
punctures revealed tumour cell containing ascites in these mice, but later the 
fluid could not be demonstrated. The size of the abdomen was not noticeably 
increased at any time, and it was not possible to withdraw more ascitic fluid 
than the small amount which was necessary for the cytological examinations. 

One of the female mice in the cortisonized + roentgen irradiated group had 
unmistakable swelling of the abdomen around the 15th day, and malignant 
cells could be found in the exudate until 25 days after the transplantation (Fig. 
10). The cell concentration was, however, during the whole time, noticeably 
less than that found in the transplanted exudate. 

On the 15th day a serial transmission into ten new combined treated mice was 
undertaken (five of each sex), 0-5 ml. ascitic fluid being injected intraperitoneally 
in each mouse. None of these animals showed subsequent ascites formation. 

The group which received roentgen irradiation alone as well as the control 
animals showed nothing abnormal. Autopsy 90 days after the experiment 
began showed neither ascites nor tumour formation in any animal in the four 


groups. 


EXPLANATION OF PLATES 
Fic. 2.—Dividing cell from the 52nd passage of the ascites tumour H.A.1. The chromosome 


morphology shows murine characteristics. Aceto-orcein smear. X 900. 

Fic. 3.—Ascites smear from the first passage of the ascites tumour H.A.1. Dividing cell with 
human chromosome characteristics. Haematoxylin-eosin. x 400. 

Fic. 5.—Pleural exudate smear from patient No. R.62705, showing tumour cell complexes. 
Marked nuclear variations. Haematoxylin-eosin. x 330. 

Fic. 6.—Ascites smear from a cortisone-treated mouse 20 days after inoculation of the human 
pleural exudate shown in Fig. 5. Tumour cell like elements varying in size, shape and 
number of nuclei. Haematoxylin-eosin. x 290. 

Fic. 7.—Pleural exudate smear from patient No. R.67436, showing tumour cell complexes. 
The dividing cell contains becween 70 and 80 chromosome pairs. Haematoxylin-eosin. 
x 330. 

Fic. 8.—Ascites smear from the second passage in cortisone-treated mice of the human pleural 
exudate shown in Fig. 7. The dividing cell contains about 90 chromosome pairs, most 
of them with definite human characteristics. Aceto-orcein. x 400. 

Fie. 9.—Pleural exudate smear from patient No. R. 64911, showing tumour cell complexes. 

Haematoxylin-eosin. x 270. 

Fic. 10.—Ascites smear from a cortisone-treated + roentgen irradiated mouse 25 days after 
inoculation of the human pleural exudate shown in Fig. 9. Pronounced admixture of 
leucocyts. Note the tumour cell in division. Haematoxylin-eosin. x 270. 

Fie. 11.—Ascites smear with tumour cells from patient No. R. 81258. Haematoxylin- 
eosin. x 270. 

Fic. 12.—Ascites smear from a cortisone-treated mouse 25 days after inoculation of the human 
ascitic fluid shown in Fig. 11. Numerous tumour cells are present.. Haematoxylin-cosin. 
x 320. 

Fie. 13.—Ascites smear from the fifth passage in cortisone-treated mice of the human ascitic 
fluid shown in Fig. 11. Twenty days after inoculation only a few tumour cells were present. 
Haematoxylin-eosin. x 270. 

Fie. 14.—Ascites smear from the second in cortisone-treated mice of the human 

-ascitic fluid shown in Fig. 11. Dividing cell with more than 100 chromosome pairs. 
Haematoxylin-eosin. x 320. 
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5. Ovarian carcinoma (Patient No: R.81258) 
The patient was a 42-year-old woman with an inoperable tumour of the ovary, 
carcinomatous involvement of the peritoneum and ascites formation. Histological 
examination of the primary tumour was not undertaken, but ascites smears showed 
a moderate number of epithelial cells with considerable nuclear variations (Fig. 
11). The exudate was injected into ten cortisonized animals and ten controls. 

After the tenth day four of the treated mice (one male and three females) 
showed the formation of ascitic fluid with tumour cell like elements ; these were 
constantly present in these mice until the 15th, 20th,20th and 40th day respectively. 
In two of the female mice there was a marked swelling of the abdomen, in one 
between the 10th and the 15th day, and in the other the distension increased 
between the 10th and the 28th day. Thereafter the swelling began to decrease. 
Repeated examinations of the ascitic fluid in this animal revealed tumour cell 
concentrations considerably larger than those of the original ascitic fluid specimen 
(Fig. 12), and on the 25th day 6 ml. of exudate was removed and inoculated intra- 
peritoneally into a further group of six cortisonized and six untreated female 
mice. 

All the treated animals in this second passage showed the formation of ascites 
with the presence of tumour cells ten days after inoculation, but only two of the 
animals had such a large quantity of fluid present that swelling of the abdomen was 
visible. Distension was especially marked between the 15th and the 25th day 
in both animals, but regressed after that, and on the 40th day the routine tapping 
was negative. In the remaining four mice ascitic fluid was aspirated until and 
including the 15th, 15th, 25th and 30th day respectively. In most of the animals 
the greatest concentration of tumour cells was found around the 20th day. 

On the 20th day 5 ml. of ascitic fluid was aspirated from one of the mice which 
showed swelling of the abdomen. This specimen was rich in tumour cells and 
was injected intraperitoneally in five cortisonized and five untreated female mice. 
Every treated animal developed obvious abdominal distension between the 15th 
and the 25th day, and the routine abdominocenteses revealed an exudate con- 
taining tumour cells until the 30th, 30th, 35th, 40th and 45th day respectively. 
in this third transfer generation the concentration of tumour cells in the ascitic 
fluid became less and less as the quantity of fluid decreased. On the 20th day 
5 ml. of ascitic fluid was removed from one of the animals and transferred to five 
new treated animals and five controls, all females. 

In this fourth passage it was. also possible to demonstrate ascites containing 
tumour cells in all the animals, until the 10th, 20th, 20th, 35th and 45th day 
respectively, but only one of the mice had slight abdominal swelling (between 
the 20th and the 27th day), and from this animal 4 ml. of ascites was withdrawn 
on the 25th day after inoculation. The content of tumour cells was noticeably 
smaller than that seen in the previous passages. The fluid was injected into four 
new treated and four untreated female mice, again using 0-5 ml. per mouse. 

None of the mice in this fifth transfer generation developed visible increase 
in size of the abdomen, but all the treated animals had at aspiration small quanti- 
ties of exudate in the abdomen up to and including the 15th, 15th, 25th and 30th 
day respectively. All the specimens obtained showed a very small content 
of tumour cell-like elements (Fig. 13). 

A sixth passage was tried by harvesting 1 ml. of exudate from two of the mice 
on the 20th day, and incoulating this into two new cortisonized female mice, 
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both of whom had received universal roentgen irradiation on the day previous 
to the transplantation. However, it did not prove possible to show the presence 
of ascites at any time after the tenth day in these two animals. 

Thus, the human tumour cells in this experiment could be carried through 
five passages in cortisone-treated mice. In the first three transfer generations the 
formation of ascitic fluid was rather rapid, and the cell concentration at a period 
in these passages was seen to be larger than that in the original human exudate. 
The cell morphology seemed unchanged and during the whole time resembled 
closely the cell picture in the patient’s ascitic fluid. Mitoses were seen in all 
five passages, but the largest number were observed in the first and the second 

e. It was not possible to find enough clear mitotic figures to make definitive 
studies of the chromosome morphology. However, most of the cells in division 
appeared to have a large number of V-shaped chromosomes, so presumably 
the malignant cells could be classified as human (Fig. 14), 

None of the controls showed ascites after the tenth day. In one of the untreated 
mice from the first passage there was found on the 10th and the 15th day small 
amounts of haemorrhagic exudate containing lymphocytes and leucocytes, but 
with no trace of tumour cells. All the animals, both the treated and the untreated, 
were killed 90 days after inoculation, but none showed ascites or solid tumour 
formation at this time. 


DISCUSSION 


It is known that cortisone treatment favours the take of heterologous tumours 
in animal transplantation experiments by inhibiting the action of the organism’s 
defence mechanism, especially antibody production (Stoerk and Solotorovsky, 1950; 
Bjorneboe, Fischel and Stoerk, 1951; Kass, Kendrick and Finland, 1953). 
Using large doses of the hormone, even human tumours have been successfully 
carried in experimental animals (Toolan, 1953, 1954, 1957 ; Patterson, Chute and 
Sommers, 1954; Handler and Yerganian, 1954; Iversen, 1956). 

However, by inhibiting the formation of new connective tissue (Ragan, 
Howes, Plotz, Meyer and Blunt, 1949; Spain, Molomut and Haber, 1950; 
Dorfman, 1953), the hormone will compromise the grafted tumour’s supply of 
stroma needed for the proliferation of the malignant. cells. It is the author’s 
opinion that this difficulty might be overcome by injecting tumour cell containing 
exudates intraperitoneally. The pronounced sodium retention caused by cortisone 
(Sprague, Power, Mason, Alberg, Mathieson, Hench, Kendall, Slocumb and 
Polley, 1950; Luft and Sjogren, 1951) will at the same time predispose towards 
oedema and ascites formation, which in turn assist in keeping the inoculated 
tumour cells in suspension. 

Thus, in the author’s experiments it was possible in some cases to get the 
tumour cells in human exudates to proliferate and form ascites tumours in 
cortisone-treated mice, and with a couple of these tumours even serial trans- 
plantations could be carried out. 

An adaptation of the foreign cells to the animals was only successful in one 
experiment. Here the ascites tumour cells continued to proliferate and after 
two passages in cortisone-treated mice they could also grow in untreated animals. 

One might think that the cells in the exudates formed were benign and produced 
by the animals as a response to the presence of foreign tissue. Against this, 
however, there are the demonstrable nuclear variations and frequent mitoses 
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among the cells in the abdominal fluid, and the fact that the untreated control 
vimals never showed similar reactions, although one might expect foreign 
body reactions to be more pronounced in these animals. In addition, there was 
« considerable similarity between the cell morphology in the different inoculated 
xudates and in the ascitic fluids formed in the experimental animals. Even 
‘hough the chromosome examination performed was not particularly successful, 
‘he cells open to inspection showed distinct human characteristics. However, 
an exception was the case of the one ascites tumour which adaptated to untreated 
mice. Here the chromosomes were found with definite murine characteristics. 
.t is most likely that the cells in this tumour must have changed their chromosome 
morphology in one way or another after transplantation, presumably around the 
iime of the third passage, because of the fact that from this time it could be grown 
¢lso in untreated mice. Probably the tumour cells in the other human exudates 
have not had a corresponding mutative power, or have not been subject to such 
forces that adaptation could be established. 

In order to seek a theoretical basis and probability for a possible transformation 
of tumour cell chromosomes after heterologous transplantation, one must consider 
some fundamental differences between normal and malignant cells. 

It is generally agreed that tumour tissue, just as normal tissue, cannot be 
transferred and grown in a foreign host, at least not in places where it is exposed 
to the organism’s defence mechanisms. Cancer cells, however, usually have 
fewer histocompatible demands than normal cells (Gorer, 1948), and frequently 
the malignant cells have a chromosome picture different from that of healthy 
cells both with regard to the number of chromosomes and to the morphology 
of the latter. Further, the cancer cells have pronounced instability in chromosome 
number, and therefore potential ability to change their antigen properties, with _ 
the possibilities of greater adaptability to a foreign environment. 

It might be that cancer cells—like for example plant cells during grafting 
experiments (Kostoff, 1930)—can show chromosome changes and gene mutations 
on account of altered living conditions, particularly when it is realized that a 
tumour cell population is composed of a mosaic of cell with different antigen 
properties (Hauschka and Levan, 1953; Law, 1954). It also appears that 
cell types best fitted for the environmental conditions might be selected (Winge, 
1927, 1930; Klein and Klein, 1956). 

Through endomitosis, endoreduplication, nuclear fusion, so-called c-mitosis 
and translocation of the chromosomes (Levan, 1956), the malignant cells will 
have the possibilities of altering their chromosome morphology. Mutations can 
either be spontaneous—corresponding to the so-called adaptative bacterial 
mutations which have been shown to be independent of the surrounding influences 
(Luria and Delbriick, 1943; Cavalli, 1952)—or can arise from immuno-selective 
processes (Kaziwara, 1954; Hauschka, Kvedar, Grinnell and Amos, 1956). 
In both cases there is a theoretical possibility that a heterologous transplant may 
contain cells which are genetically compatible with the new surroundings. 
\When, however, it can be calculated that a time interval will elapse before a 
separation and concentration of antigen variants occurs, it is probably always 
necessary for a shorter or longer time to assist the transmitted cells to survive 
in the foreign host—for example by the use of universal roentgen irradiation or 
cortisone treatment. 

Accordingly, there seem to be theoretical chances for even human cancer 


> 
> 
3 
3 
> 
> 
J 


220 HANS-GEORG IVERSEN 


cells to be transformed into cells with quite a different chromosomal composition. 
The genetical difference between humans and mice, however, is deep, and certainly 
a lot of favourable conditions must. have played their part in the experiment 
described in this paper. The other experiments here reported and other more or 
less unsuccessful experiments by other workers demonstrate that a corresponding 
adaptation is very difficult to obtain. One may carry out serial transplantations 
with human cancers in experimental animals with reduced ability to form antibodies, 
but a real adaptation is only presumed to have occurred when the tumour cells 
have passed through such transformations that their chromosomes have attained 
the characteristics of the new host. 

In order to make the attainment of adaptation in heterologous tumour trans- 
plantations easier, it appears that exudates containing tumour cells may be 
favourable materials, and the best results may be achieved with polyploid cells. 
because they will absorb antibodies to a less degree than diploid cells (Amos. 
1956). It is also demonstrated that the host specificity of a tumour is inversely 
proportional to the chromosome number of the tumour cells (Hauschka and 
Levan, 1953; Hauschka and Schultz, 1954). 


SUMMARY 


Attempts at transplantation of 15 different and selected tumour cell containing 
human exudates intraperitoneally in cortisone-treated mice are recorded. In 
five of the experiments the inoculated tumour cells proliferated in treated animals, 
and in three of the experiments ascites tumours could be serially transplanted. 
A real adaptation of the human cells was only successful in one experiment where 
the ascites tumour after two passages in hormone-treated mice could be grown 
also in untreated animals. 

Chromosome studies showed that the adaptated ascites tumour contained cells 
with definite murine characteristics, whereas the cells before the adaptation had 
human chromosome types, as had the cells in the other two non-adaptated ascites 
tumours. 

The results are discussed, with special reference to the possibilities for tumour 
cell chromosomes to change their appearance after heterologous transplantations. 


I am indebted to Professor J. Nielsen and Senior Pathologist J. Clemmesen 
for interest and encouragement, and to Doctor A. Levan for helpful advice in 


chromosome problems. 
This study was helped by a grant from the Fund of P. Carl Petersen. 
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BonseER, BRADSHAW, CLAYSON AND JULL (1956) used the method of the surgical 
implantation of paraffin wax pellets containing added chemicals into the lumen 
of the mouse bladder to test a series of compounds for carcinogenic activity. 
The results showed that although pellets containing the aromatic amines, 
2-naphthylamine and 4-aminodiphenyl, induced a slightly higher incidence of 
tumours than did the vehicle alone, the derived ortho hydroxy-amines, 2-amino- 
l-naphthol hydrochloride and 3-hydroxy-4-aminodiphenyl sulphate, induced 
a significantly higher yield of tumours. The results from the other compounds 
tested supported the hypothesis (Clayson, 1953) that the ortho hydroxy-amines 
are carcinogenic metabolites of the aromatic amines. 

Bonser, Bradshaw, Clayson and Jull (1956) used paraffin wax as the base for 
their pellets, whereas Boyland and Watson (1956) and Allen, Boyland, Dukes, 
Horning and Watson (1957) used cholesterol and suggested that it was preferable. 
The purpose of the present experiments was firstly to investigate further the use 
of cholesterol as a base for bladder implantation and secondly to test additional 
compounds for carcinogenic activity by this method. As a consequence of these 
results it has been possible to suggest an amplification of the ortho hydroxy- 
amine hypothesis for the mode of action of the aromatic amines. - 


MATERIALS AND METHODS 


The albino mice used were from the same source as described previously 
(Bonser, Bradshaw, Clayson and Jull, 1956). The pellets were made by compres- 
sion from an intimate mixture of cholesterol and the chemical (12-5 per cent) 
under test and were implanted by the method of Jull (1951) as modified by 
Allen et al. (1957). The results were interpreted by the criteria described by 
Bonser and Jull (1956). Carcinomas which had not invaded muscle were classified 
as Grade I; those which had invaded muscle as Grade II. Carcinogenicity was 
assessed on the total incidence of carcinomas only. Probabilities of statistical 
significance were evaluated by the exact method for 2 x 2 tables (Fisher, 1950). 

Cholesterol (Batch No. 634495/451004) and 8-hydroxyquinoline (Batch No. 
424384/531030) were obtained from The British Drug Houses Ltd. 

1-Amino-4-naphthol hydrochloride and 3-amino-2-naphthol hydrochloride were 
obtained from Messrs. L. Light and Company and were purified by the method 
described for the former compound by Fieser (1943). 
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1-0-Tolylazo-2-naphthol (Oil orange TX) was obtained from Messrs. Pointing 
itd., Hexham, and was of food dye quality. 
3-Hydroxyanthranilic acid was a generous gift from Professor E. Boyland. 
2-Aminofluorene m.p. 128°, 2-anthramine m.p. 238°, 4-hydroxy-3-aminodiphenyl 
/ ydrochloride (free base m.p. 208°), 1-methoxy- -2-na phthylamine hydrochloride, 
turmerly named O-methyl-2-amino- hydrochloride (Bonser, Clayson 
oad Jull, 1956) (free base m.p. 49°) and 2-amino-1l-naphthyl hydrogen sulphate 
(.1.p. 224-5°) were prepared in the laboratory. 
o-Aminophenol was purified by sublimation. It was obtained as a colourless 
compound which rapidly acquired an orange tinge in contact with air. 


RESULTS 


The survival of the mice used in these experiments was better than that 
obtained previously. Adoption of the modified operative technique of Allen 
e! al. (1957) considerably reduced the post-operative mortality, and improved 
survival of the mice during the experimental period was achieved by the control 
ot ectromelia by vaccination. Of 430 mice which lived for 25 weeks after operation 
i6 (3-7 per cent) died or were killed in extremis at 25-30 weeks, 4 (0-9 per cent) 
at 31-34 weeks, 22 (5-1 per cent) at 35-39 weeks, while 388 (90-2 per cent) lived 
to the full 40 weeks of the experiment. The corresponding percentages found by 
Bonser, Bradshaw, Clayson and Jull (1956) in a previous experiment were 7-4, 
6-3, 7-3. and 79. As will be seen from Table I the difference in the rates of survival 


with the various chemicals was slight. 


TaBLE I.—Survival of Implanted Mice Killed after 25 Weeks 


Number of mice killed 
(weeks) 


Compound 25-30 31-34 35-39 

Cholesterol alone 

o-Aminophenol . 

2-Aminofluorene 

1-Amino-4-naphthol hydrochloride 

8-Hydroxyquinoline . 

3-Hydroxyanthranilic acid . . 

Amino- 4-hydroxydiphenyl hydrochloride 
1 - Methoxy - 2 - naphthylamine hydrochloride 
(Cholesterol) 

1-o-Tolylazo-2-naphthol_ 

2-Amino-1-naphthyl hydrogen sulphate 

2-Anthramine (in wax) ° 

Amino-2-naphthol hydrochloride (in wax) 
1 - Methoxy - 2 - naphthylamine hydrochloride 
(in wax) 


OW CK COCO 


Five carcinomas in 55 mice (9-0 per cent) were obtained when pellets of choles- 
terol alone were implanted. This incidence of tumours is more than twice as 
high as that obtained with paraffin wax although the tumours obtained in the 
present experiment were of a less advanced nature. 

Four ortho hydroxy-amines have been tested (Table II). The simplest 
of these, ortho aminophenol, gave only 2 carcinomas in 37 mice (5-4 per cent) 
and is inactive. 3-Amino-4-hydroxydiphenyl hydrochloride, on the other hand, 
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TaBLE II.—IJncidence of Bladder Changes in Implanted Mice 


Benign* 
Number Squamous tumours Carcinoma: 
Experi- of meta- ae, — 
ment Compound Base mice plasia Number P I II Total 
o-Aminophenol 8 7 0 0 2 2 
3 2-Aminofluorene . 38 6 3 «0-18 3 3 6 
4 1 - Amino - 4 - naphthol m . 39 + 5 0-044 2 1 3 
hydrochloride 
5. 8-Hydroxyquinoline - 2 2 0 4 2 6 
6 . 3-Hydroxyanthranilic acid 6 2 0-18 1 2 3 
7 3 - Amino - 4 - hydroxydi- ie ae 6 4 0-078 5 5 10 
pheny] hydrochloride 
8 1 - Methoxy - 2 - naphthyl- - . $i 4 1 0-59 6 7 #13 
amine hydrochloride 
9 1-o-Tolylazo-2-naphthol 9 2 0-30 7 5 12 
10 2-Amino-l-naphthyl hy- ” - = 7 5 0-012 3 2 5 
drogen sulphate 
— . None. Paraffinwax . 56 9 3 1 1 2 
1l . 2-Anthramine 46 7 1 4 3 7 
12. 3- Amino - 2 - naphthol = 2 33 1 0 — 1 1 2 
hydrochloride 
13. . 1-Methoxy - 2-naphthyl- 1 1 0-52 . 3 1 4 


amine hydrochloride 
* Mice with both benign and malignant tumours are classified under carcinomas only. No mouse is re 
more than once. 


induced 10 carcinomas in 36 mice (28 per cent) and is active. A small group of 

mice implanted with 3-hydroxyanthranilic acid in cholesterol gave 3 carcinomas 
in 21 mice (14 per cent) which suggests that the compound may be active, although 
a larger group of animals is necessary to substantiate this. This has been provided 
by Allen et al. (1957) who found 8 carcinomas in 40 animals (20 per cent) with this 
compound. When pellets of 3-amino-2-naphthol hydrochloride in cholesterol 
were implanted into a group of 50 mice, only 6 survived for longer than 48 hours. 
A smaller group of animals implanted with the sulphate fared no better. At 
post mortem there was complete necrosis of the bladder epithelium. It. was 
therefore decided to implant the chemical in wax, in which base it was found to 
be inactive (2 carcinomas in 33 mice—6-1 per cent). Three only of 62 mice 
implanted with either the hydrochloride or the sulphate in cholesterol lived to 
40 weeks ; one of these had a carcinoma invading muscle. Thus it is possible 
that the inactivity of this compound is due to its slow rate of diffusion from paraffin 
wax. This does not seem likely as the isomeric ortho aminonaphthols are active 
when implanted in the same paraffin wax and also because compounds with a 
very low water solubility such as dibenzcarbazole, methylcholanthrene and 
1-phenylazo-2-naphthol induce tumours under similar conditions. 

Two ortho hydroxy-amine derivatives were investigated: 1-methoxy-?- 
naphthylamine is the most active compound tested yielding 13 carcinomas in 
31 mice (42 per cent) in cholesterol and 4 carcinomas in 11 mice (36-3 per cent) 
in paraffin wax. This is in marked contrast to 1-methoxy-2-dimethylamino- 
naphthalene hydrochloride which was tested in wax and found to be inactive 

- (Bonser, Bradshaw, Clayson and Jull, 1956). 1-0-Tolylazo-2-naphthol in choles- 
terol, like 1-phenylazo-2-naphthol in paraffin wax, was found to be locally 
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carcinogenic, giving 12 carcinomas in 32 mice (37-5 per cent). Both 1-methoxy- 
2-naphthylamine and 1-o-tolylazo-2-naphthol have been tested by systemic 
application to the mouse (Bonser, Clayson and Jull, 1956). The former gave 
only benign intestinal polyps and was then regarded as doubtfully carcinogenic 
whereas the latter, which gave both benign and malignant intestinal tumours, 
was @ carcinogen. 

2-Aminofluorene in cholesterol, which induced 6 carcinomas in 38 mice (16 
per cent) is more active than the vehicle alone but would have to be tested on 
much larger numbers to achieve statistical significance. It is similar to 2- 
naphthylamine and 4-aminodiphenyl which were previously investigated in 
paraffin wax (Bonser, Bradshaw, Clayson and Jull, 1956). 2-Anthramine was 
tested in the present series in paraffin wax in order to complete a group begun 
previously. Seven carcinomas occurred in 46 mice (15 per cent) which means that 
this amine is significantly carcinogenic at the 1 in 20 level when compared to the 
group of mice implanted with paraffin wax alone (Bonser, Bradshaw, Clayson and 
Jull, 1956). The higher significance of the results with 2-anthramine compared 
to 2-naphthylamine, 4-aminodiphenyl and 2-aminofluorene is in accord with the 
local tumours obtained by Bielschowsky (1946) by painting 2-anthramine on to 
the skin of rats. 

1-Amino-4-naphthol hydrochloride was not found to be carcinogenic as it 
produced only 3 carcinomas in 39 mice (7-7 per cent). 8-Hydroxyquinoline 
was tested to confirm the findings of Boyland and Watson (1956) who suggested 
it was carcinogenic. The result, 6 carcinomas in 25 mice (24 per cent), means 
that the compound is possibly carcinogenic but a further experiment will be 
necessary to establish this conclusively. 2-Amino-l-naphthyl hydrogen sulphate 
implanted in cholesterol (5 carcinomas in 26 mice—19 per cent) gave a 
higher yield of tumours than did the controls but not enough to establish a 
significant result. Benign tumours were observed to be more frequent with 
l-amino-4-naphthol hydrochloride and 2-amino-l-naphthyl hydrogen sulphate 
than with the other compounds under test. In the light of the conclusions drawn 
by Bonser and Jull (1956), it is considered that these changes cannot be regarded 
as evidence for the carcinogenicity of the compounds. 

Whereas the five tumours obtained with cholesterol alone were well differen- 
tiated transitional cell carcinomas remaining superficial and not invading the 
muscle of the bladder wall, those obtained with 1-methoxy-2-naphthylamine were 
all of larger size, with invasion prominent, and were often multiple. Histological 
examination of the material gave the impression that the more carcinogenic the 
compound the more advanced were the tumours. These observations have been 
used to formulate an opinion on compounds in which the statistics are inconclusive 
owing to the small numbers employed. The tumours obtained with 8-hydroxy- 
quinoline, for example, were only a little more active than those found with 
cholesterol and the two invasive carcinomas were only just beginning to invade 
muscle. Therefore the possible carcinogenicity of the compound is regarded with 
reserve, 


DISCUSSION 


A suitable vehicle for bladder implantation should be a substance which 
induces no tumours or only a small percentage of tumours when implanted alone ; 
it should permit the compound under test to diffuse into the urine/at an optimum 


16 


1a 
al 
0-25 
0-07 
0-39 
0-02 
On 
0-( 
0-4 
0-04 
is reco 
of 
1as 
igh 
led 
his 
rol 
irs. 
At 
vas 
to 
‘ice 
to 
ble 
ffin 
ive 
ha 
und 
in 
mt) 
no- 
jive 
les- 
ally 


218 HANS-GEORG IVERSEN 


both of whom had received universal roentgen irradiation on the day previous 
to the transplantation. However, it did not prove possible to show the presence 
of ascites at any time after the tenth day in these two animals. 

Thus, the human tumour cells in this experiment could be carried through 
five passages in cortisone-treated mice. In the first three transfer generations the 
formation of ascitic fluid was rather rapid, and the cell concentration at a period 
in these passages was seen to be larger than that in the original human exudate. 
The cell morphology seemed unchanged and during the whole time resembled 
closely the cell picture in the patient’s ascitic fluid. Mitoses were seen in all 
five passages, but the largest number were observed in the first and the second 

e. It was not possible to find enough clear mitotic figures to make definitive 
studies of the chromosome morphology. However, most of the cells in division 
appeared to have a large number of V-shaped chromosomes, so presumably 
the malignant cells could be classified as human (Fig. 14). 

None of the controls showed ascites after the tenth day. In one of the untreated 
mice from the first passage there was found on the 10th and the 15th day small 
amounts of haemorrhagic exudate containing lymphocytes and leucocytes, but 
with no trace of tumour cells. All the animals, both the treated and the untreated, 
were killed 90 days after inoculation, but none showed ascites or solid tumour 
formation at this time. 


DISCUSSION 


It is known that cortisone treatment favours the take of heterologous tumours 
in animal transplantation experiments by ishibiting the action of the organism’s 
defence mechanism, especially antibody production (Stoerk and Solotorovsky, 1950; 
Bjorneboe, Fischel and Stoerk, 1951; Kass, Kendrick and Finland, 1953). 
Using large doses of the hormone, even human tumours have been successfully 
carried in experimental animals (Toolan, 1953, 1954, 1957 ; Patterson, Chute and 
Sommers, 1954; Handler and Yerganian, 1954; Iversen, 1956). 

However, by inhibiting the formation of new connective tissue (Ragan, 
Howes, Plotz, Meyer and Blunt, 1949; Spain, Molomut and Haber, 1950; 
Dorfman, 1953), the hormone will compromise the grafted tumour’s supply of 
stroma needed for the proliferation of the malignant cells. It is the author's 
opinion that this difficulty might be overcome by injecting tumour cell containing 
exudates intraperitoneally. The pronounced sodium retention caused by cortisone 
(Sprague, Power, Mason, Alberg, Mathieson, Hench, Kendall, Slocumb and 
Polley, 1950; Luft and Sjogren, 1951) will at the same time predispose towards 
oedema and ascites formation, which in turn assist in keeping the inoculated 
tumour cells in suspension. 

Thus, in the author’s experiments it was possible in some cases to get the 
tumour cells in human exudates to proliferate and form ascites tumours in 
cortisone-treated mice, and with a couple of these tumours even serial trans- 
plantations could be carried out. 

An adaptation of the foreign cells to the animals was only successful in one 
experiment. Here the ascites tumour cells continued to proliferate and after 
two passages in cortisone-treated mice they could also grow in untreated animals. 

One might think that the cells in the exudates formed were benign and produced 
by the animals as a response to the presence of foreign tissue. Against this, 
however, there are the demonstrable nuclear variations and frequent mitoses 
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among the cells in the abdominal fluid, and the fact that the untreated control 
uimals never showed similar reactions, although one might expect foreign 
»ody reactions to be more pronounced in these animals. In addition, there was 
. considerable similarity between the cell morphology in the different inoculated 
exudates and in the ascitic fluids formed in the experimental animals. Even 
though the chromosome examination performed was not particularly successful, 
the cells open to inspection showed distinct human characteristics. However, 
on exception was the case of the one ascites tumour which adaptated to untreated 
mice. Here the chromosomes were found with definite murine characteristics. 
it is most likely that the cells in this tumour must have changed their chromosome 
morphology in one way or another after transplantation, presumably around the 
iime of the third passage, because of the fact that from this time it could be grown 
elso in untreated mice. Probably the tumour cells in the other human exudates 
have not had a corresponding mutative power, or have not been subject to such 
{orces that adaptation could be established. 

In order to seek a theoretical basis and probability for a possible transformation 
of tumour cell chromosomes after heterologous transplantation, one must consider 
some fundamental differences between normal and malignant cells. 

It is generally agreed that tumour tissue, just as normal tissue, cannot be 
transferred and grown in a foreign host, at least not in places where it is exposed 
to the organism’s defence mechanisms. Cancer cells, however, usually have 
fewer histocompatible demands than normal cells (Gorer, 1948), and frequently 
the malignant cells have a chromosome picture different from that of healthy 
cells both with regard to the number of chromosomes and to the morphology 
of the latter. Further, the cancer cells have pronounced instability in chromosome 
number, and therefore potential ability to change their antigen properties, with 
the possibilities of greater adaptability to a foreign environment. 

It might be that cancer cells—like for example plant cells during grafting 
experiments (Kostoff, 1930)—can show chromosome changes and gene mutations 
on account of altered living conditions, particularly when it is realized that a 
tumour cell population is composed of a mosaic of cell with different antigen 
properties (Hauschka and Levan, 1953; Law, 1954). It also appears that 
cell types best fitted for the environmental conditions might be selected (Winge, 
1927, 1930; Klein and Klein, 1956). 

Through endomitosis, endoreduplication, nuclear fusion, so-called c-mitosis 
and translocation of the chromosomes (Levan, 1956), the malignant cells will 
have the possibilities of altering their chromosome morphology. Mutations can 
either be spontaneous—corresponding to the so-called adaptative bacterial 
mutations which have been shown to be independent of the surrounding influences 
(Luria and Delbriick, 1943; Cavalli, 1952)—or can arise from immuno-selective 
processes (Kaziwara, 1954; Hauschka, Kvedar, Grinnell and Amos, 1956). 
I both cases there is a theoretical possibility that a heterologous transplant may 
contain cells which are genetically compatible with the new surroundings. 
When, however, it can be calculated that a time interval will elapse before a 
separation and concentration of antigen variants occurs, it is probably always 
n cessary for a shorter or longer time to assist the transmitted cells to survive 
in the foreign host—for example by the use of universal roentgen irradiation or 
cortisone treatment. 

Accordingly, there seem to be theoretical chances for eve: human cancer 
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cells to be transformed into cells with quite a different chromosomal composition. 
The genetical difference between humans and mice, however, is deep, and certainly 
a lot of favourable conditions must. have played their part in the experiment 
described in this paper. The other experiments here reported and other more or 
less unsuccessful experiments by other workers demonstrate that a corresponding 
adaptation is very difficult to obtain. One may carry out serial transplantations 
with human cancers in experimental animals with reduced ability to form antibodies, 
but a real adaptation is only presumed to have occurred when the tumour cells 
have passed through such transformations that their chromosomes have attained 
the characteristics of the new host. 

In order to make the attainment of adaptation in heterologous tumour trans- 
plantations easier, it appears that exudates containing tumour cells may be 
favourable materials, and the best results may be achieved with polyploid cells, 
because they will absorb antibodies to a less degree than diploid cells (Amos, 
1956). It is also demonstrated that the host specificity of a tumour is inversely 
proportional to the chromosome number of the tumour cells (Hauschka and 
Levan, 1953; Hauschka and Schultz, 1954). 


SUMMARY 


Attempts at transplantation of 15 different and selected tumour cell containing 
human exudates intraperitoneally in cortisone-treated mice are recorded. In 
five of the experiments the inoculated tumour cells proliferated in treated animals, 
and in three of the experiments ascites tumours could be serially transplanted. 
A real adaptation of the human cells was only successful in one experiment where 
the ascites tumour after two passages in hormone-treated mice could be grown 
also in untreated animals. 

Chromosome studies showed that the adaptated ascites tumour contained cells 
with definite murine characteristics, whereas the cells before the adaptation had 
human chromosome types, as had the cells in the other two non-adaptated ascites 
tumours. 

The results are discussed, with special reference to the possibilities for tumour 
cell chromosomes to change their appearance after heterologous transplantations. 


I am indebted to Professor J. Nielsen and Senior Pathologist J. Clemmesen 
for interest and encouragement, and to Doctor A. Levan for helpful advice in 
chromosome problems. 

This study was helped by a grant from the Fund of P. Carl Petersen. 
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Bonser, BRADSHAW, CLAYSON AND JULL (1956) used the method of the surgical 
implantation of paraffin wax pellets containing added chemicals into the lumen 
of the mouse bladder to test a series of compounds for carcinogenic activity. 
The results showed that although pellets containing the aromatic amines, 
2-naphthylamine and 4-aminodiphenyl, induced a slightly higher incidence of 
tumours than did the vehicle alone, the derived ortho hydroxy-amines, 2-amino- 
l-naphthol hydrochloride and 3-hydroxy-4-aminodiphenyl sulphate, induced 
a significantly higher yield of tumours. The results from the other compounds 
tested supported the hypothesis (Clayson, 1953) that the ortho hydroxy-amines 
are carcinogenic metabolites of the aromatic amines. 

Bonser, Bradshaw, Clayson and Jull (1956) used paraffin wax as the base for 
their pellets, whereas Boyland and Watson (1956) and Allen, Boyland, Dukes, 
Horning and Watson (1957) used cholesterol and suggested that it was preferable. 
The purpose of the present experiments was firstly to investigate further the use 
of cholesterol as a base for bladder implantation and secondly to test additional 
compounds for carcinogenic activity by this method. As a consequence of these 
results it has been possible to suggest an amplification of the ortho hydroxy- 
amine hypothesis for the mode of action of the aromatic amines. + 


MATERIALS AND METHODS 


The albino mice used were from the same source as described previously 
(Bonser, Bradshaw, Clayson and Jull, 1956). The pellets were made by compres- 
sion from an intimate mixture of cholesterol and the chemical (12-5 per cent) 
under test and were implanted by the method of Jull (1951) as modified by 
Allen et al. (1957). The results were interpreted by the criteria described by 
Bonser and Jull (1956). Carcinomas which had not invaded muscle were classified 
as Grade I; those which had invaded muscle as Grade II. Carcinogenicity was 
assessed on the total incidence of carcinomas only. Probabilities of statistical 
significance were evaluated by the exact method for 2 x 2 tables (Fisher, 1950). 

Cholesterol (Batch No. 634495/451004) and 8-hydroxryquinoline (Batch No. 
424384/531030) were obtained from The British Drug Houses Ltd. 

1-Amino-4-naphthol hydrochloride and 3-amino-2-naphthol hydrochloride were 
obtained from Messrs. L. Light and Company and were purified by the method 
described for the former compound by Fieser (1943). 
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1-0-Tolylazo-2-naphthol (Oil orange TX) was obtained from Messrs. Pointing 
itd., Hexham, and was of food dye quality. 
3-Hydroxyanthranilic acid was a generous gift from Professor E. Boyland. 

2-Aminofluorene m.p. 128°, 2-anthramine m.p. 238°, 4-hydroxy-3-aminodiphenyl 
ydrochloride (free base m.p. 208°), 1-methory-2- -naphthylamine hydrochloride, 
{ormerly named O-methyl-2-amino-l-naphthol hydrochloride (Bonser, Clayson 
:ad Jull, 1956) (free base m.p. 49°) and 2-amino-l-naphthyl hydrogen sulphate 
(.n.p. 224-5°) were prepared in the laboratory. 

o-Aminophenol was purified by sublimation. It was obtained as a colourless 
compound which rapidly acquired an orange tinge in contact with air. 


RESULTS 


The survival of the mice used in these experiments was better than that 
obtained previously. Adoption of the modified operative technique of Allen 
e! al. (1957) considerably reduced the post-operative mortality, and improved 
survival of the mice during the experimental period was achieved by the control 
of ectromelia by vaccination. Of 430 mice which lived for 25 weeks after operation 
16 (3-7 per cent) died or were killed in extremis at 25-30 weeks, 4 (0-9 per cent) 
at 31-34 weeks, 22 (5-1 per cent) at 35-39 weeks, while 388 (90-2 per cent) lived 
to the full 40 weeks of the experiment. The corresponding percentages found by 
Bonser, Bradshaw, Clayson and Jull (1956) in a previous experiment were 7-4, 
6-3, 7-3 and 79. As will be seen from Table I the difference in the rates of survival 
with the various chemicals was slight. 


TaBLeE I.—Survival of Implanted Mice Killed after 25 Weeks 


Number of mice killed 
(weeks) 


ment Compound 25-30 31-34 35-39 40 Total 

1 - Cholesterol alone - #@ 0 0 55 55 

2 - 0-Aminophenol . 0 1 0 36 37 

3 2- Aminofluorene 0 0 0 38 38 

+ . 1-Amino-4-naphthol hydrochloride 1 0 1 37 39 

5 - 8-Hydroxyquinoline . 1 0 7 - aT 25 

6 . 3-Hydroxyanthranilic acid . ss 0 0 20 21 

7 3-Amino-4-hydroxydiphenyl hydrochloride - © 0 1 35 36 

8 1 - Methoxy - 2 - raphthylamine hydrochloride 1 0 0 30 31 

(Cholesterol) 

9 - 1-0-Tolylazo-2-naphthol . 2 0 3 27 32 
10 . 2-Amino-1l-naphthyl hydrogen sulphate 1 1 0 24 26 
il . 2-Anthramine (in wax) , 6 0 2 38 46 
12 . 3-Amino-2- — hydrochloride (in wax) 0 2 4 27 33 
13 . 1-Methoxy -2-naphthylamine hydrochloride 3 0 4 4 ll 

(in wax) 


Five carcinomas in 55 mice (9-0 per cent) were obtained when pellets of choles- 
terol alone were implanted. This incidence of tumours is more than twice as 
high as that obtained with paraffin wax although the tumours obtained in the 
present experiment were of a less advanced nature. 

Four ortho hydroxy-amines have been tested (Table II). The simplest 
of these, ortho aminophenol, gave only 2 carcinomas in 37 mice (5-4 per cent) 
and is inactive. 3-Amino-4-hydroxydiphenyl hydrochloride, on the other hand, 
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* Mice with both benign and malignant tumours are classified under carcinomas only. No mouse is re 
more than once. 
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TaBLeE II.—Jncidence of Bladder Changes in Implanted Mice 


Compound Base i plasia Number P I II Total 
None . ‘ - Cholesterol . 7 5 0 5 
o- Aminophenol 37 7 0 0 2 2 
2-Aminofluorene . 6 3 0-18 3 3 6 
1 - Amino - 4 - naphthol e . 39 + 5 0-044 2 l 3 
hydrochloride 
8-Hydroxyquinoline se - 2 2 0 — 4 2 6 
3-Hydroxyanthranilic acid a . 6 2 0-18 1 2 3 
3 - Amino - 4 - hydroxydi- eS ; 36 6 4 0-078 5 5 10 
phenyl hydrochloride 
1 - Methoxy - 2 - naphthyl- 4 1 0-59 6 7 #18 
amine hydrochloride 
1-0-Tolylazo-2-naphthol pn - 3 9 2 0-30 7 5 12 
2-Amino-l-naphthyl hy- - 7 5 0-012 3 2 5 
drogen — 
None . - Paraffinwax . 56 9 3 -- 1 1 2 
2- Anthramine ” 46 7 1 4 3 7 
3 - Amino - 2 - naphthol - a 33 1 0 — 1 1 2 
hydrochloride 
1 - Methoxy - 2 - naphthyl- “  * ll 1 1 0-52 3 1 4 


amine hydrochloride 


induced 10 carcinomas in 36 mice (28 per cent) and is active. A small group of 
mice implanted with 3-hydroxyanthranilic acid in cholesterol gave 3 carcinomas 
in 21 mice (14 per cent) which suggests that the compound may be active, although 
a larger group of animals is necessary to substantiate this. This has been provided 
by Allen et al. (1957) who found 8 carcinomas in 40 animals (20 per cent) with this 
compound. When pellets of 3-amino-2-naphthol hydrochloride in cholesterol 
were implanted into a group of 50 mice, only 6 survived for longer than 48 hours. 
A smaller group of animals implanted with the sulphate fared no better. At 
post mortem there was complete necrosis of the bladder epithelium. It. was 
therefore decided to implant the chemical in wax, in which base it was found to 
be inactive (2 carcinomas in 33 mice—6-1 per cent). Three only of 62 mice 
implanted with either the hydrochloride or the sulphate in cholesterol lived to 
40 weeks ; one of these had a carcinoma invading muscle. Thus it is possible 
that the inactivity of this compound is due to its slow rate of diffusion from paraffin 
wax. This does not seem likely as the isomeric ortho aminonaphthols are active 
when implanted in the same paraffin wax and also because compounds with a 
very low water solubility such as dibenzcarbazole, methylcholanthrene an 
1-phenylazo-2-naphthol induce tumours under similar conditions. 

Two ortho hydroxy-amine derivatives were investigated: 1-methoxy-?- 
naphthylamine is the most active compound tested yielding 13 carcinomas i) 
31 mice (42 per cent) in cholesterol and 4 carcinomas in 11 mice (36-3 per cent) 
in paraffin wax. This is in marked contrast to 1-methoxy-2-dimethylaminc- 
naphthalene hydrochloride which was tested in wax and found to be inactive 
(Bonser, Bradshaw, Clayson and Jull, 1956). 1-0-Tolylazo-2-naphthol in chole:- 
terol, like 1-phenylazo-2-naphthol in paraffin wax, was found to be locally 
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carcinogenic, giving 12 carcinomas in 32 mice (37-5 per cent). Both 1-methoxy- 
2-naphthylamine and 1-o-tolylazo-2-naphthol have been tested by systemic 
application to the mouse (Bonser, Clayson and Jull, 1956). The former gave 
only benign intestinal polyps and was then regarded as doubtfully carcinogenic 
whereas the latter, which gave both benign and malignant intestinal tumours, 
was @ carcinogen. 

2-Aminofluorene in cholesterol, which induced 6 carcinomas in 38 mice (16 
per cent) is more active than the vehicle alone but would have to be tested on 
much larger numbers to achieve statistical significance. It is similar to 2- 
naphthylamine and 4-aminodiphenyl which were previously investigated in 
paraffin wax (Bonser, Bradshaw, Clayson and Jull, 1956). 2-Anthramine was 
tested in the present series in paraffin wax in order to complete a group begun 
previously. Seven carcinomas occurred in 46 mice (15 per cent) which means that 
this amine is significantly carcinogenic at the 1 in 20 level when compared to the 
croup of mice implanted with paraffin wax alone (Bonser, Bradshaw, Clayson and 
Jull, 1956). The higher significance of the results with 2-anthramine compared 
to 2-naphthylamine, 4-aminodiphenyl and 2-aminofluorene is in accord with the 
local tumours obtained by Bielschowsky (1946) by painting 2-anthramine on to 
the skin of rats. 

1-Amino-4-naphthol hydrochloride was not found to be carcinogenic as it 
produced only 3 carcinomas in 39 mice (7-7 per cent). 8-Hydroxyquinoline 
was tested to confirm the findings of Boyland and Watson (1956) who suggested 
it was carcinogenic. The result, 6 carcinomas in 25 mice (24 per cent), means 
that the compound is possibly carcinogenic but a further experiment will be 
necessary to establish this conclusively. 2-Amino-1l-naphthyl hydrogen sulphate 
implanted in cholesterol (5 carcinomas in 26 mice—19 per cent) gave a 
higher yield of tumours than did the controls but not enough to establish a 
significant result. Benign tumours were observed to be more frequent with 
l|-amino-4-naphthol hydrochloride and 2-amino-1l-naphthyl hydrogen sulphate 
than with the other compounds under test. In the light of the conclusions drawn 
by Bonser and Jull (1956), it is considered that these changes cannot be regarded 
as evidence for the carcinogenicity of the compounds. 

Whereas the five tumours obtained with cholesterol alone were well differen- 
tiated transitional cell carcinomas remaining superficial and not invading the 
muscle of the bladder wall, those obtained with 1-methoxy-2-naphthylamine were 
all of larger size, with invasion prominent, and were often multiple. Histological 
examination of the material gave the impression that the more carcinogenic the 
compound the more advanced were the tumours. These observations have been 
used to formulate an opinion on compounds in which the statistics are inconclusive 
owing to the small numbers employed. The tumours obtained with 8-hydroxy- 
quinoline, for example, were only a little more active than those found with 
cholesterol and the two invasive carcinomas were only just beginning to invade 
muscle. Therefore the possible carcinogenicity of the compound is regarded with 
reserve, 


DISCUSSION 


A suitable vehicle for bladder implantation should be a substance which 
induces no tumours or only a small percentage of tumours when implanted alone ; 
it should permit the compound under test to diffuse into the urine at an optimum 
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rate for tumour formation ; it should be incapable of reacting with the compound 
under test and preferably it should be a pure compound or a readily reproducible 
mixture of compounds. Cholesterol in our hands was not found to be satisfactory, 
as it gave a 9 per cent yield of tumours when implanted alone, whereas paraffin 
wax gave a yield of only 3°5 per cent. On the other hand cholesterol has the 
advantanges that it can be compressed into pellets without heating and it is a 
simple compound rather than a complex mixture. The demonstration by 
Heiger (1957) that cholesterol is an exceedingly weak carcinogen when injected 
subcutaneously in mice must be kept in mind but as no comparable investigations 
have been made on other possible bases for bladder implantation this observation 
cannot be held to militate strongly against the use of cholesterol. 

Allen et al. (1957) explained their inability to obtain tumours with 3-hydroxy- 
anthranilic acid. in paraffin wax and their successful induction of tumours with 
the chemical in cholesterol on the much slower rate of diffusion from the wax than 
from cholesterol. As the optimum rate of diffusion of a compound from a pellet 
in bladder implanation can, at this stage, be only a matter of opinion it is desirable 
that the most important compounds should be tested in two or more vehicles. 
In the present experiments it is probable that the necrosis of the bladder epithelium 
obtained with 3-amino-2-naphthol hydrochloride in cholesterol and the absence 
of toxic effects with the chemical in paraffin is due to a higher rate of diffusion 
from the former compared to the latter. 

Paraffin wax, as used by Bonser, Bradshaw, Clayson and Jull (1956) is objec- 
tionable as a vehicle for bladder implantation because it must be heated with the 
chemical during preparation of the pellets and this may enhance the interaction 
of the chemical and the base or the decomposition of the chemical. Cholesterol, 
although it overcomes this difficulty induced more than twice as many tumours 
as did paraffin wax when implanted alone. In an attempt to find a substance 
which eliminates the undesirable effects of both cholesterol and heated. paraffin 
wax, experiments have been made using a crushed paraffin wax (The British Drug 
Houses Ltd.). This may be compressed into suitable pellets either with or without 
added chemicals. A group of mice implanted with the vehicle alone yielded 1-2 
per cent of carcinomas (1 carcinoma in 82 mice). A series of chemicals is being 
tested in this vehicle. ’ 

The results obtained in cholesterol parallel the results obtained in paraffin 
wax (Table III). The yield of tumours with both active and inactive compounds 
tends to be higher when cholesterol is used. The high incidence of tumours in the 
control series with cholesterol as well as the lesser incidence with paraffin wax 
necessitates the use of groups of 50 mice for each chemical tested. With good 
management 30—40 of these will survive to 25-40 weeks after operation and permit 
statistical analysis of the results. Any number of effective mice less than 20 is 
prone to give unreliable results from which only tentative conclusions can be 
drawn. 

Sixteen compounds have been tested by bladder implantation in Leeds on 
adequate numbers of mice and two others on smaller numbers. Allen et al. (1957) 
tested twenty-six compounds but with few exceptions the number of animal: 
used were below the minimum for the confident acceptance of their results. 
Using this information it is possible to assess the value of the hypothesis pu‘ 
forward by Clayson (1953) that ‘compounds which contain a hydroxyl anc 
an amino group ortho to each other in an aromatic system containing two or 
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Tasie IIl.—Summary of Results in Leeds using Paraffin Wax and 
Cholesterol as Vehicles 


Type of 
compound 
yntrols 


!lydroxy -amines 


Paraffin wax 


Compound 


None 


2-Amino-1-naphthol 118 


Compound 
None 


4-Hydroxy-3-amino- 


active 1-Amino-2-naphthol 36 
3-Hydroxy-4-amino- 38 
diphenyl 
4’-Nitro-3-hydroxy-4- 20 
aminodipheny] 


diphenyl 
3-hydroxyanthranilic 
acid 


livdroxy-amines 3-Amino-2-naphthol 33 o-Aminophenol 
inactive 1-amino-4-naphthol 


\Methylatedortho 1-Methoxy-2-dimethyl- 
hydroxy- amino naphthalene 
amines 1-Methoxy-2-naphthyl- 

amine 


1-Methoxy-2-naphthyl- 
amine 


Aromatic amines 2-Naphthylamine 2-Aminofluorine 

4-Aminodiphenyl 

2-Anthramine 

2-Amino-1-naphthyl 
hydrogen sulphate 

4-Amino-3-diphenylyl 
sodium sulphate 


\zo-2-naphthols _1-phenylazo-2-naphthol 25 


2-Amino-1-naphthyl 
hydrogen sulphate 


\rylsulphuric 
acids 


1-0-Tolylazo-2-naphthol 32 


more rings may be carcinogenic either in their own right or as a result of their 
further reaction.” 

Ortho hydroxy-amines with aromatic systems containing two or more rings 
are generally found to be carcinogenic when tested by bladder implantation. 
The major exception to this is 3-amino-2-naphthol, although Allen et al. (1957) 
failed to induce tumours with 2-amino-l-naphthol hydrochloride in cholesterol. 
The latter result may have been due to the rate of diffusion of the compound 
from cholesterol or to the small numbers used. 

In 1953 it was not possible to predict whether substituted ortho aminophenols 
with only one benzene ring would be carcinogenic. The results of bladder implan- 
tation indicate that ortho aminophenol is inactive but Allen et al. (1957) have 
shown that several substituted derivatives are carcinogenic. No work appears 
t» have been published on the induction of tumours by the systemic application 
of aromatic amines containing only one benzene ring. The results from the 
lladder implantation of their derived ortho hydroxy-amines indicate that some 
of these amines may be carcinogenic. 

Derivatives of the ortho hydroxy-amines vary in their carcinogenic activity 
according to the position of the substituent Thus 1-methoxy-2-naphthylamine is 
found by bladder implantation to be a potent carcinogen whereas 1-methoxy- 
2-dimethylaminonaphthalene is inactive (Table III). Allen et al. (1957) failed 
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with small groups of mice to demonstrate activity with 2-dimethylamino-1- 
naphthol and 4-dimethylamino-3-hydroxyazobenzene so it may be tentatively 
deduced that a disubstituted amino group in an ortho hydroxy-amine suppresses 
the carcinogenic activity. The failure to induce a significant yield of tumours with 
the sulphate esters may possibly be due to the interaction of the sulphate moiety 
and the amino group. Allen ef al. (1957) have accounted for the possible activity 
of 2-amino-1l-naphthyl glucosiduronic acid by its enzymic hydrolysis to the free 
ortho hydroxy-amine. 1-Phenylazo-2-naphthol and 1-o-tolylazo-2-naphthol like- 
wise may be reduced in the bladder epithelium to the free carcinogen. 

The slight carcinogenic activity of the aromatic amines themselves has already 
been discussed (Bonser, Bradshaw, Clayson and Jull, 1956). The results obtained 
with 2-anthramine and 2-aminofluorene are similar to those obtained previously 
with 2-naphthylamine and 4-aminodiphenyl. 

Boyland and Watson (1956) suggested that the ortho hydroxy-amines exerted 
their carcinogenic effect through their powers of chelation and supported this 
by the demonstration that 8-hydroxyquinoline was carcinogenic on bladder 
implantation. While the power to chelate may be one factor in the induction of 
cancer by the ortho hydroxy-amines it is not likely to be the only one as 1-methoxy- 
2-naphthylamine, unless it is enzymatically demethylated in the bladder epithe- 
lium, would be unable to chelate. 

Any modification of the ortho hydroxy-amine hypothesis for the carcino- 
genicity of aromatic amines must take into account the interesting observation of 
Walpole, Williams and Roberts (1952) that a methyl group ortho to the amino 
group apparently increases the carcinogenic activity of the parent amine. If 
the 4-dimethylaminoazobenzenes, extensively studied by the Millers and their 
collaborators, are to be regarded as aromatic amine carcinogens rather than as 
a special case of their own, any hypothesis designed to account for the action of 
this group of chemicals will have to explain the lack of carcinogenicity of 2 : 6- 
difluoro-4-dimethylaminoazobenzene compared to the considerable hepato- 
carcinogenicity of the other fluoro- substituted dimethylaminoazobenzenes 
fed to rats (Miller, Miller and Finger, 1953; Miller, Arcos and Miller, 1955). 
Furthermore the demonstration that protein binding probably occurs at the 2- 
position of the 4-dimethylaminoazobenzenes (Rastogi, Miller and Miller, 1956) 
and not as previously suggested (Hendry, Homer, Rose and Walpole, 1951) 
through the N-methyl group must be considered. 

In the light of the evidence which is now available the following modification 
of the original working hypothesis is proposed : 

To be carcinogenic an ortho hydroxy-amine must have (i) an amino group with 
at least one free hydrogen atom, (ii) either a carbon atom or a carbon-carbon 
bond with a high electron density, and this region of high electron density 
will be the point at which interaction with the body tissue will take place. This 
will be referred to as the KA region. This is illustrated diagrammatically in Fig. 1. 

The function of ortho hydroxylation on this hypothesis is to activate the KA 
region of the aromatic amine. It follows that other suitable activating groups 
such as methoxyl will also be able to perform this activation and that it may 
be possible to find other aromatic amines that are locally active without ortho 
hydroxylation provided their KA region has sufficient electron density. 

The effect of a methyl group in the ortho position in an aromatic amine is 
probably not to facilitate hydroxylation in the other position ortho to the amino 
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group but rather to increase the electron availability in the KA region of the ortho 
hydroxy-amine formed in metabolism. The lack of carcinogenicity of 3-amino- 
2-naphthol can be explained by the absence of an activated KA region in that 
inolecule. The apparently anomalous inactivity of 2: 6-difluoro-4-dimethyl- 
aminoazobenzene is explicable by the blocking of the position of the interaction 
with the host tissues by fluorine. 


Inactive KA region Active —— Tissue complex 
H OH 
Tissue 
OH 


Tissue 


Fie. 1. 


The idea of the KA region in the aromatic amines means that these compounds 
may induce tumours by mechanisms similar to those found with the polycyclic 
hydrocarbons. Bhargava, Hadler and Heidelberger (1955) have demonstrated that 
the K region in 1: 2: 5: 6-dibenzanthracene is one site of protein binding and 
therefore is by implication of considerable importance in carcinogenesis. 

This additional working hypothesis may be verified both by the synthesis 
and testing of further compounds by bladder implantation and also, more directly, 
although with greater experimental difficulty, by attempting to discover the 
nature of the complex formed between the body tissues and the aromatic amines. 


SUMMARY 


1. Cholesterol pellets when implanted surgically into the bladders of 55 mice 
induced 5 carcinomas of a low grade of malignancy. 

2. Pellets of cholesterol containing 4-hydroxy-3-aminodiphenyl, 1-methoxy-2- 
naphthylamine, 1-o-toly!azo-2-naphthol and probably 8-hydroxyquinoline were 
carcinogenic to the mouse bladder. Pellets of 3-amino-2-naphthol hydrochloride 
in cholesterol produced fatal necrosis of the bladder epithelium in a large proportion 
of the implanted mice. 

3. Pellets of cholesterol containing ortho aminophenol, and 2-aminofluorene 
did not induce significantly more carcinomas than cholesterol alone. 

4. 3-Amino-2-naphthol hydrochloride incorporated in paraffin wax was 
inactive whereas 2-anthramine in this vehicle was carcinogenic to the mouse 
bladder. 

5. Cholesterol is not regarded as the vehicle of choice for bladder implantation 
because of the high yield of carcinomas in the control series. 

6. The hypothesis that aromatic amines are carcinogenic by virtue of their 
conversion to ortho hydroxy-amines has been amplified. The suggestion that 
the ortho hydroxy-amines require a region of high electron density (the KA 
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region) in order to be carcinogenic would explain the majority of the known 
facts of aromatic amine carcinogenesis. 


Our thanks are due to Dr. Lillian Pang for her help with the implantation of 
pellets. 
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AMINOFLUORENE (A.F.) in amounts that induce hepatomas or cholangiomas 
in more than 80 per cent of intact and castrated male rats is not carcinogenic 
for the liver of thyroidectomized animals. Tumours of other organs, however, 
can still be obtained after ablation of the thyroid (Bielschowsky and Hall, 1953). 
[t remained to be investigated whether the protection of the liver against the 
aromatic amine was due to the lack of thyroid hormones or to the absence of a 
pituitary factor, since the adenohypophysis of such rats is known to be void of 
acidophilic elements. This paper deals with the response to A.F. of thyroidec- 
tomized rats injected with growth hormone. 


METHODS 


Male albino rats belonging to the same stock used in earlier experiments were 
thyroidectomized at the age of 6 weeks. Two months later, when completely 
and partially thyroidectomized animals could be distinguished by their weight 
curves, treatment was started. The final criterion for completeness of the operation 
was, however, the cytological picture of the pituitary. A 4 per cent solution of 
A.F. in acetone was painted on to the interscapular region 3 times per week. 
A total of 70 doses was given. The growth hormone, a gift of Frederiksberg 
Chemical Laboratories, was dissolved in 0-25 per cent acetic acid and injected 
intraperitoneally 6 times per week. The schedule of injections was as follows: 
in Experiment I during 8 weeks daily doses of 2 mg. were given. This was followed 
by 6 injections of 4 mg. in the 9th week. In Experiment IT the first 3 injections 
were of 1 mg. each, the 4th to 24th of 2 mg., the 25th to 36th of 4 mg. After an 
interval of 10 days 24 additional doses of 4 mg. and finally 6 of 8 mg. were 
administered. Treatment with A.F. and somatotrophin started on the same day. 

The histological methods used were those previously described (Bielschowsky 
and Hall, 1953). 


RESULTS 


Experiment I was terminated in the 58th and II in the 42nd week. The 
animals were killed when palpable tumours were present or when rapidly declining 
health made further survival unlikely. As expected from previous experience, 
treatment with A.F. failed to induce tumours in the livers of completely thyroidec- 
tomized rats, but in animals in which ablation of the thyroid was incomplete, 
all signs of A.F. action were found, namely gross enlargement of the organ as 
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well as neoplastic lesions. The weights of the livers of completely thyroidec- 
tomized rats treated with growth hormone and A.F. were found to be of a similar 
order of magnitude to those of athyreotic rats not injected with somatrophin, 
whether or not hepatomas were present. In Table I the values are given in 


I 
Experiment I 


Experiment IT 


c 
Thyroidectomy Complete Complete Incomplete Complete Complete Incomplete 

Treatment . . A.F.+G.H. A.F. A.F. A.F.+G.H. A.F. 
Number of rats . . 5 5 2 ° 5 5 4 
Average liver weight . 6-6 g. 7-6 g. . 5-8g. 6-6 g. 20-0 g. 
Liver tumours— 

Ben. cholang.* 2 _ 1 1 

Adenomas 1 1 1 1 

Hepatomas. 1 3 2 

Extrahepatic tumours 2 1 2 2 2 1 


G.H.= Growth hormone. 
* Benign cholangiomas are recorded only when no other type of liver tumour was present. 


grams and not in percentage of body weight because many of the thyroidectomized 
rats became obese during the later part of the experiment. The neoplasms were 
classified as hepatomas, adenomas and benign cholangiomas according to their 
histological structure. It is not always possible to distinguish macroscopically 
the benign from the malignant type of liver cell nodule. Fig. 1 and 2 depict 
their distinctive features. The benign cholangiomas are easily recognizable 
by their cystic appearance. 

It seems as if in the first experiment either the duration of treatment with 
growth hormone or the amounts given were inadequate to overcome the protection 
that complete ablation of the thyroid confers on the liver. Only a few benign 
neoplastic lesions of small size were obtained in this organ. With the larger 
doses of Experiment II, besides such benign tumours, 3 of the 5 completely 
thyroidectomized males developed hepatomas the largest of which measured 
11 x 10x 9mm. This was found in a rat with a body weight of 200 g. and a 
liver weight of 5-8 g. The animal was killed in the 37th week of the experiment, 
i.e. at a time when hepatomas develop in intact animals painted with A.F. Signs 
of liver damage such as increase in connective tissue and proliferation of bile 
ducts were, on the whole, most pronounced in rats with residual thyroid tissue 
and least in completely thyroidectomized animals treated with A.F. only. 
However, the period of survival after the administration of the carcinogen had 
been stopped varied by several weeks and so did the degree of obesity with 
concomitant accumulation of fat in the liver. From the material available it is 
impossible to assess accurately the degree of injury to the liver in the animals of 


the 3 groups. 


EXPLANATION OF PLATE 

Fic. 1.—Adenoma found in a See rat injected with growth hormone 
(Experiment I). Tumour cells are with slightly basophilic cytoplasm. H. and E. 

150. 

Fic. 2.—Hepatom a found in completely thyroidectomized rat injected with growth hormone. 

(Experiment II). H.andE. x 150. 
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As in the previous experiments the majority of the extrahepatic tumours 
were carcinomas of the meatus acousticus. 


DISCUSSION 


The work of Griffin, Richardson, Robertson, O’Neal and Spain (1955), 
Firminger and Morris (1955), Skoryna (1955) and Hoffman (1956) (quoted from 
Weisburger and Weisburger, 1957) and of O’Neal and Griffin (1957) has firmly 
established that carcinogenic azo-dyes as well as 2-aminofluorene derivatives 
fail to induce liver tumours in hypophysectomized rats. Ablation of the pituitary, 
however, does not protect other susceptible organs against the tumour-inducing 
action of N-2-fluorene diacetamide, just as thyroidectomy protects only the liver 
of rats treated with A.F. Attempts to restore the susceptibility of the liver 
of hypophysectomized rats to azo-dyes with hormonal preparations of pituitary 
origin were successful. Griffin et al. (1955) found ACTH as well as somatotrophin 
effective, but the rate of tumour development was slower in hypophysectomized 
rats injected with either of these hormones than in intact animals. Hoffman 
(1956) using N-2-fluorenyl diacetamide obtained precancerous lesions in the livers 
of hypophysectomized rats treated with growth hormone, but not when ACTH 
was injected. 

To judge from the histology of the adenohypophysis the athyreotic rat lacks 
growth hormone. The results presented in this communication show: it is the 
lack of this pituitary agent and not the lack of thyroxine that causes the strikingly 
reduced susceptibility of the liver to A.F. in thyroidectomized rats. This inter- 
pretation is supported by the findings of Griffin et al. (1955) who could not obtain 
liver tumours in hypophysectomized rats injected with thyrotrophic hormone. 


SUMMARY 


Injection of growth hormone restores the susceptibility of the liver of athy- 
reotic rats to A.F. 


My thanks are due to Dr. B. H. Loft of the Frederiksberg Chemical Labora- 
tories, Copenhagen for a generous gift of growth hormone. 
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In an attempt to explain the production of intestinal tumours in rats dosed 
with 4-aminodiphenyl and some of its nuclear-methylated derivatives, Walpole, 
Williams and Roberts (1952) suggested that the ultimate carcinogen in each 
instance is the corresponding ortho-hydroxy amine, formed in the liver and 
excreted in the bile. To account for the relatively low yield of tumours in the 
rat with 4-aminodipheny] itself, they further suggested that in this species it is 
largely metabolised to the 4’-hydroxy derivative and that little of the ortho- 
hydroxy amine, 3-hydroxy-4-aminodiphenyl, is formed. These suggestions are 
represented diagrammatically below, the main metabolic product being indicated 
by the solid arrow and the carcinogenic metabolite in heavy print. 


While metabolic studies were in progress it seemed that some evidence bearing 
upon these ideas might be had by testing for carcinogenic activity 4'-fluoro-4- 


aminodipheny]. 


With this substance the possibility of metabolic hydroxylation in the 4’-position 
is excluded by the presence there of firmly bound fluorine and a relatively high 
yield of the corresponding ortho-hydroxy amine (4’-fluoro-3-hydroxy-4-amino- 
diphenyl) may be expected. If the suggestions outlined above are correct, this 
should result in 4’-fluoro-4-aminodiphenyl being more potent as a carcinogen than 
the parent amine of the series. 
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The results of our first experiment with this compound have been briefly 
reported (Hendry, Matthews, Walpole and Williams, 1955). Given to rats in a 
lower total dose than 4-aminodiphenyl it gives a higher yield of tumours in a 
shorter time. While the parent amine, however, causes tumours mainly of the 
intestines, the organs principally affected by the fluoro derivative are the liver and 
kidneys. The changes seen in the livers of rats treated with 4’-fluoro-4-aminodi- 
pheny! differ in some respects from those usually met with during the induction 
of liver tumours with chemical agents. Renal tumours, either spontaneous or 
induced, are uncommon in rats. We have therefore undertaken a closer study of 
the sequence of changes in the affected organs and to this end a second series of 
rats was dosed as before and groups killed at various intervals. Our object in this 
paper is to describe and, as far as possible, to interpret the pathological changes 
seen in these two series of animals. 


MATERIALS AND METHODS 


In both experiments male albino rats were used, of the Wistar strain bred in 
these laboratories for several years. In the first, 24 rats (mean weight, 117 g.) 
were given 4’-fluoro-4-aminodiphenyl, dissolved in arachis oil, B.P., by sub- 
cutaneous injection in the flank, injections being made daily, Mondays to Fridays 
inclusive, and continued for about 20 weeks. The initial daily dose of 5 mg. per 
100 g. body weight was reduced progressively during the first 7 weeks, on account 
of toxicity, to 1 mg. per 100 g. per day. One rat died at 48 days; the remainder 
were killed, as palpable tumours were detected, between 381 and 626 days from 
the start (total dose, 160 to 240 mg. per 100 g.). Tissues were fixed in acid Zenker 
and stained with Groat’s (1949) haematoxylin and eosin. Liver and kidney from 
some animals, after appropriate fixation, were stained also with van Gieson’s and 
the periodic acid-Schiff stain and by the Feulgen-aniline blue method of H. W. 
Altmann.* 

In the second experiment 27 rats were used, similar in all respects to those in 
the first. Eight were given only 3 daily doses of 5 mg. per 100 g. and killed 4 to 
6 days after the first dose. The remainder were dosed precisely as before and 
killed in twos or threes at intervals of 28 days from the start. As tumours had 
already appeared in both livers and kidneys by the fifth month, all surviving rats 
were killed at 6 months. The stains used on the tissues from these animals included, 
in addition to those already mentioned, Masson’s trichrome, Best’s carmine and 
toluidine blue, and various procedures specific for iron. 


RESULTS 
Liver 

Twenty-two of the first group of animals. had liver tumours, often multiple 
and without predominance in any one lobe. The largest were about 4-0 cm. in 
diameter. 

Histologically both hepatomata and cholangiomata are seen, occurring either 
separately or in admixture, as well as nodular hyperplasia and areas of coarse 

* In this method tissues fixed in Zenker-formol are stained by the standard F\ technique, 
mordanted in 5 per cent aqueous phosphotungstic acid, counterstained in acidified aqueous 
aniline blue with orange G and differentiated in 95 per cent alcohol. The counterstain is made by 


dissolving 0-5 g. of water soluble aniline blue and 2 g. of gold orange G in 200 ml. of water and 
adding 8 ml. of acetic acid. It is diluted with 1 to 3 parts of water before use. 
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collagenous connective tissue containing spaces bounded by a flattened or cubical 
epithelium. The latter are probably dilated bile-ducts. (Similar areas have been 
noted in old rats given arachis oil alone and may well be due to age.) In a hyper- 
plastic area in the liver of a single rat there is excessive proliferation of bile-ducts 
and of fusiform cells which ramify widely between the cords of liver cells. 

Usually the tumours in this series are made up of a complex mixture of both 
hepatomatous and cholangiomatous elements (Fig. 1) and the identity of many 
of their cells is in doubt. A single cystic space may be lined in part by cells of 
parenchymal origin and in part by others resembling bile-duct epithelium or by 
cells whose origin cannot be clearly defined (Fig 2). Occasionally a dilated “ bile- 
duct ’’ contains a plug of hepatoma cells (Fig. 3), or an alveolus of hepatomatous 
cells a clump of cells of the bile-duct type. Several microscopic tumours display 
mixed cholangiomatous and hepatomatous alveoli radiating from a central mass 
even in the initial stages of infiltrating the surrounding liver tissue. 

Fibrous stroma is not present in appreciable amount in any of the tumours, 
least of all the purely hepatomatous areas. Nor is cirrhosis evident in those parts 
of the liver which have not undergone neoplastic change. Mitoses are for the most 
part infrequent. Metastases are not seen, although in one section a central vein 
contains a plug of hepatoma cells. In only one tumour is there any indication of 
malignancy. This, cytologically, resembles an adenocarcinoma; glycogen is 
totally absent and mitoses are numerous, but even here no metastases were found. 

The livers of the rats from the second experiment were examined carefully in 
an attempt to trace the histogenesis of the tumours. The earliest change is seen 
in the nuclei of the liver cells which show much variation in size and shape as early 
as four days after the start of dosing. Later the number of nuclei affected increases 
and in many of them the nucleolus is enlarged. After only six days the amount of 
material stained orange-yellow by Altmann’s stain is variable from area to area, 
as is the amount of tigroid substance. No one part of the liver is particularly 
affected. These changes persist to the fifth month when the first tumour was 
observed as a tiny white nodule on the surface of the liver. This was barely a 
millimetre across, yet proved to be a mixed tumour containing both hepatomatous 
and cholangiomatous elements. In the remaining animals, killed a month later, 
numerous small nodules of tumour again showed the complicated appearances 
described above. 


Kidney 

Kidney tumours were found in 20 of the first series of rats. In 10 they were 
bilateral and in several instances multiple. Some tumours were immediately 
visible at autopsy as yellowish or pale grey masses protruding from the surface 
of the kidneys; others were seen only when the kidneys were sectioned and then 
appeared as roughly spherical, clearly demarcated structures centred in the 
cortex. The largest attained a diameter of some 2 cm., the smallest were visible 
only under the microscope. Since only one kidney section was examined micro- 
scopically from each of the rats killed earlier in the experiment, more instances 
of multiple and bilateral tumours probably occurred than were actually found. 

Histologically the tumours seen can be classified into three main types. Those 
of the first type are composed of swollen, pale-staining cells, with nuclei larger 
than those of normal tubular cells (Fig. 4 and 5). The nuclei are vesicular and a 
greater amount of chromatin appears to be concentrated at the nuclear membrane 
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than is usual. The nucleoli also are large. In sections stained with haematoxylin 
and eosin, the cytoplasm of these cells appears to be less coarsely granular than 
normal, but not so clear as in the clear-cell type of renal tumour in man. The 
cells are rarely vacuolated. They are arranged in solid masses and cords, which 
in places look not unlike adrenal tissue. 

Tumours of the second type (Fig. 6 and 7) are composed of cells closely re- 
sembling, but rather smaller than those just described. They are arranged in 
tubules which are often lined by two or more layers of cells. Where only one 
lining layer is present, the cells are fleshy and a brush-border can be distinguished 
on a few of them. Individual tubules, particularly at the periphery of these 
tumours, are dilated and lined by a flattened epithelium from which project 
papillary ingrowths of smaller, strongly basophilic cells with hyperchromatic 
nuclei. Scattered amongst these are brightly eosinophilic, necrotic cells. Under 
low magnification these configurations mimic the appearance of glomeruli. 

The third type of tumour (Fig. 8) is composed of small basophilic cells with 
hyperchromatic nuclei (Fig. 9), arranged in tubules showing a greater tendency 
to papillary ingrowth. The central portions of these ingrowths are usually necrotic, 
and necrotic cells are occasionally seen in direct contact with the basement 
membrane. In one section tumours of all three types are seen lying side by side, 
separated only by thin bands of compressed kidney tissue. 

The centres of the larger tumours of all types are haemorrhagic and frequently 
contain large blood spaces. Glomeruli are not found within the tumour tissue. 
Although the tumours are clearly demarcated from the surrounding compressed 
renal tissue, true encapsulation is not seen. Nevertheless the tumours appear to 
be benign. Mitotic figures are infrequent, though usually atypical in so far as 
there is a tendency towards polyploidy, and tripolar spindles occur. “‘ Stickiness ”’ 
of the chromosomes and bridge formation are not seen. No evidence is found of 
infiltration or metastatic spread. 

All three types of tumour have certain staining properties in common. With 
haematosylin and eosin the tumour cells appear basophilic, although there is 
much tinctorial variation. In sections stained with toluidine blue, numerous fine 
granules are seen in the cytoplasm of tumours of all types. These stain meta- 
chromatically and give the cells a reddish-purple colour contrasting with the 
clear blue-grey of the normal kidney cells. Stained by Altmann’s method, tumour 
cells appear clear blue whereas numerous orange-yellow rods or granules are seen 
in the basal two-thirds of non-neoplastic tubular cells of the renal cortex. 

Sometimes single tubules show the distinctive staining just described; the 
toluidine blue and the Altmann methods especially distinguish these from the 
surrounding tissue. One such tubule (Fig. 10), was traced through thirty-two 
sections. It stood out from the adjacent tissue not only because of its staining 
properties, but also because its cells were high and fleshy and had large nuclei. 
Their pattern of chromatin was similar to that seen in the tumours and their 
nucleoli also were enlarged. 

In the smaller tumours in particular coarse yellow-brown cytoplasmic granules 
are seen. These are not bi-refringent and some give a positive reaction for iron. 
Granules of this kind are sometimes seen in the convoluted tubules of untreated 
rats of our stock and are similar in appearance and staining properties to those 
described in the kidneys of rats treated with certain lead compounds on the one 
hand (Fairhall and Miller, 1941) and with butter yellow on the other (Kinosita, 
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quoted by Edwards and White, 1941). Eosiniphilic inclusions are occasionally 
seen in the cytoplasm of the tumour cells, but not within the nucleus as has been 
reported in animals treated with lead compounds. They stain faintly with P.A.S., 
but not after pretreatment with diastase; they stain a rosy red with van Gieson 
and green to purplish-red with Masson. They are especially numerous in areas of 
necrosis and are similar in staining reactions to the bi-refringent lipids seen by 
Horning and Whittick (1954) in tumours of the kidney in the golden hamster. 

In the second experiment outlined above, we attempted to trace the develop- 
ment of renal tumours in rats given 4’-fluoro-4-aminodiphenyl. The most marked 
change noted during the first four months is great variation in size, shape and 
chromatin content of the nuclei of the cells of both cortical and medullary tubules. 
In addition multinucleate cells appear in some cortical tubules (Fig. 11) either 
singly or partially lining a tubule. In the third month there is an increase in the 
intensity of staining of the inner cortical tubules, zone IT (McFarlane, 1941) and 
metachromatic particles are seen in the cytoplasm in sections stained with 
toluidine blue. In the same areas, and in patches in the outer cortex also, the 
particulate material stained orange-yellow by the Altmann technique is partially 
lost. In addition, the yellowish-brown particles already referred to are seen more 
consistently and in greater amount from the third month onwards. At five months 
individual cortical tubules rather abruptly assume all the characteristics of the 
abnormal single tubules already described. 

The remaining rats were killed at six months. Small tumours consisting of 
several tubules lying side by side are seen and with the aid of serial sectioning 
and block reconstruction we were able to show that these sometimes consist of 
single tubules and sometimes of several separate tubules. Single tubules are also 
seen which are dilated and lined by several layers of cells. We have not detected 
neoplastic changes involving less than a complete tubule. We have ascertained, 
however, that the change affects both adjacent and widely separated tubules 
simultaneously and without severe pathological change preceding the appearance 
of neoplastic changes. In no instance was there destruction of kidney tissue 
before tumour formation. 


Other organs 


Eight rats in the first series developed intestinal tumours, mostly of the large 
intestine. These comprised sessile and polypoid adenomata and submucosal 
granulomata associated with disorganisation and hypertrophy of the glands. 
They were indistinguishable from neoplasms resulting in the intestines of the rat 
from the administration of 4-aminodipheny] and its 3 : 2’-dimethyl homologue 
(Walpole, Williams and Roberts, 1952). None of the second group of animals 
showed any changes in the intestines so that no further evidence was obtained of 
changes preceding those described. 

In several animals of the first group microscopic examination revealed adeno- 
mata of the pancreatic acinar tissue. 

Tumours were also observed at the injection site and in the testes of some of 
the animals of the first group, killed towards the end of experiment. The former 
were almost invariably sarcomata of the spindle-cell type, the latter, interstitial 
cell tumours. The testicular tumours appeared earlier and more frequently than 
is normal for rats of our stock. 
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DISCUSSION 


A remarkable feature of these results is the absence of gross pathological change 
either in the liver or kidneys of rats treated with 4’-fluoro-4-aminodipheny] before 
‘he rather sudden appearance of tumours of these organs. 

Tumours of the liver have been induced in rats or mice with a variety of 
chemical substances and with most of those so far described the appearance of 
tumours is preceded by well-marked degenerative and hyperplastic reactions 
vithin the liver. In drawing attention to the similarity of the early hepatic response 
in animals treated with many of these substances, Farber (1956) divides the changes 
seen in common in rats given ethionine, 2-acetamidofluorene, or 3’-methyl-4- 
dimethylaminoazobenzene into two major sequences. The first involves prolifer- 
ition of “ oval cells ”, spreading from the portal areas to involve most of the liver 
lobule and accompanied by “ piecemeal ”’ necrosis of hepatic parenchymal cells, 
and the second consists of nodular regenerative hyperplasia of liver cells with 
progressive distortion of the characteristic lobular pattern of the liver. 

Similar, if not identical sequences were observed by Kinosita (1937), Maruya 
(1940) and Orr, (1940) in the livers of rats given 4-dimethylaminoazobenzene 
butter yellow), and one or more of the changes described have been seen in the 
carly stages of hepatic carcinogenesis with o-aminoazotoluene (Sasaki and Yoshida, 
1935; Heep, 1936; Fischer-Wasels, 1937; and Orr, 1940), with benzidine (Spitz, 
Maguigan and Dobriner, 1950), with tannic acid (Korpassy and Kovacs, 1949) 
and with thioacetamide (Fitzhugh and Nelson, 1948; Ambrose, de Eds and Rather, 
1949; Rather, 1951; Kleinfeld and Lessler, 1954; and Lopez, 1956). 

It is evident from these various reports that, in the early reaction of the liver 


of rats to hepatic carcinogens, several features persistently recur. At the same time 
widely divergent views have been expressed, first, as to the identity of the cells 
involved in the early periportal hyperplasia so often described; second, as to the 
nature of the various hyperplastic changes which occur before neoplasia, i.e. 
whether or not they are preceded by and resultant upon gross cell damage; and 
lastly, as to the significance for the process of carcinogenesis of the various tissue- 
reactions seen. Farber (1956) concludes that neither diffuse nor regional necrosis 


nor fibrosis is essential to the carcinogenic process and that progressive ‘“ oval 
cell’ hyperplasia and the associated atrophic and hypertrophic changes in the 
adjacent parenchymal liver cells are not by themselves premalignant, but may 
be necessary in “ setting the stage” for the later regenerative and neoplastic 
response. 

Our results with 4’-fluoro-4-aminodiphenyl support the first of these conclu- 
sions, inasmuch as neither necrosis nor fibrosis were seen in the livers of rats treated 
with it before the rather abrupt appearance of hepatic tumours. However, since 
no early proliferation of “ oval cells’, nor indeed of cells of any type, was in 
evidence in the portal tracts of these animals, this also cannot be regarded as 
indispensable for an ultimate neoplastic response. The most marked changes 
noted before the appearance of tumours were in the size, shape and chromatin 
distribution of the nuclei of hepatic parenchymal cells, together with changes in 
the cytoplasm revealed by abnormal staining reactions. Nuclear pycnosis was 
ot seen. These changes affected all parts of the liver but were patchy in dis- 
‘ribution. The areas in which they occurred could not be correlated with those 
in which tumours developed, but it seems likely that they represent an essential 
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part of the processes culminating in neoplasia. It has not yet proved possible to 
define precisely the more subtle modificationsin cellular organisation which are 
reflected in changes of this kind. 

The tumours which appeared in the livers of our animals could not be classified 
into well-defined types as seems to be the case with those produced by carcino- 
genic azo-compounds (Orr, 1940; Opie, 1944a, 19446; Edwards and White, 1941). 
Mixed tumours containing both hepatomatous and cholangiomatous elements 
were common, and the fact that even the smallest or earliest tumours might have 
this complex composition suggests either that the cells stimulated to neoplasia 
are bi-potential or that the cells of both bile-ducts and parenchyma are simul- 
taneously involved in the neoplastic change. 

References to spontaneous renal neoplasms in rats have been collected by 
Eker (1954), who in addition described a number of familial renal adenomata:; 
mostly multiple and bilateral, in Wistar rats. These tumours occurred as simple 
cysts, papillary cystadenomata, solid eosinophilic adenomata and solid tubular 
basophilic adenomata. None contained glomeruli, and Eker suggested that they 
developed by proliferation of the renal tubular epithelium with or without pre- 
liminary cystic dilatation of the same. Rather similar tumours have been reported 
by Zollinger (1953) as resulting in rats from the repeated subcutaneous injection 
of lead phosphate—an observation which we have confirmed (Walpole, unpub- 
lished). Their appearance, however, was preceded by severe pathological changes 
in the kidney cortex, in particular the occurrence of numerous cysts, involving 
mainly the proximal convoluted tubules, and of bizarre nuclear abnormalities in 
the tubular epithelium. In addition several of the tumours seen by Zollinger 
were undoubtedly malignant arid metastases were found. 

Spontaneous renal tumours in rats of our strain are very rare. In the kidneys 
of several hundred control animals of all ages we have only once or twice encoun- 
tered primary neoplasms of any type. Those induced with 4'-fluoro-4-aminodi- 
phenyl! are benign adenomata. They closely resemble some of those described 
by Eker and, like those, appear to arise by proliferation of the epithelium of the 


EXPLANATION OF PLATES 

Fic. 1.—Tumour of the liver. Mixed hepatoma (below, left) and duct-like spaces lined by 
tall columnar epithelium. H.& E. x 265. 

Fic. 2.—Tumour of the liver, showing duct-like spaces lined in part by columnar epithelial 
cells and for the rest by hepatoma cells. H.& E. x 460. 

Fic. 3.—Tumour of the liver. A space resembling a dilated bile-duct is being invaded by a 
mass of hepatoma cells, which can be seen replacing the bile-duct epithelium in several 
places. H.& E. x 65. 

Fic. 4.—Tumour of kidney, type I, showing pale, swollen cells with chromatin concentrated 
at nuclear membrane and prominent nucleoli. H.& E. x 100. 

Fic. 5.—Ditto. H.& E. x 650. 

Fic. 6.—Tumour of kidney, type II, showing pseudoglomerular configurations. H. & E. 
x 120. 

Fic. 7.—Ditto. H.& E. x 300. 

Fic. 8.—Tumour of kidney, type III, showing papilliform arrangement of cells, which are 
slightly smaller than those of the uncompressed kidney tissue. H.& E. x 115. 

Fie. 9.—Ditto. H.& E. x 157. 

Fic. 10.—Section of kidney tubule (or tubules) having the appearance and staining charac- 
teristics of some of the larger tumours of the kidney. Appearance due to metachromatic 
— Note also circle of granules to right of tubule. These stain yellow-brown with 

E. and give a positive reaction for iron. Toluidine blue. x 420. 
Fic. 11.—Early change in kidney tubules. Note very much enlarged cells almost blocking 
tubules, multinucleate cells, and cells with hyperchromatic nuclei. H. & E. x 437. 
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cortical tubules. They differ mainly in that, in our material, cyst formation at 
any stage was rare. In contrast to the situation with lead phosphate, the changes 
oreceding the appearance of neoplasia in the kidneys, as in the livers, of our 
:nimals were mild, being limited to abnormalities in the size, shape and chromatin 
distribution of the nuclei in the cells of the tubular epithelium, together with 
changes in the cytoplasm revealed by abnormal staining reactions. Although 
there was evidence of some further damage in that multinucleate cells were 
sometimes encountered, nuclear pycnosis was not seen, nor were dead cells detected, 
prior to the appearance of tumours. 


SUMMARY 


1. Tumours of the liver and kidneys occur in Wistar rats given 4’-fluoro-4- 
aminodiphenyl by repeated subcutaneous injection. 

2. In the liver both hepatoma and cholangioma occur, both separately and in 
complex admixture of very variable form. The smallest tumours show this 
complex constitution. 

3. The renal tumours appear to be tubular in origin and to arise multifocally. 

4. The sequence of early changes occurring in the liver and kidneys of animals 
treated with-the compound is described and attention drawn to the absence of 
marked degenerative or hyperplastic changes before the appearance of tumours. 


The authors are indebted to Mrs. P. Braid for skilled technical assistance, and 
to Dr. E. Weston Hurst for his help in preparing this paper. 
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Tuis paper is concerned with the study of arterial patterns of the spleen in the 
normal animal (rat) and comparison between these findings and those present 
in experimental animals bearing certain tumours (benzpyrene induced and the 
xanthine tumour). It was stimulated by certain incidental findings in splenic 
vascularization when one of us (J. L. B.) was carrying out a study of the blood 
supply of experimental tumours and the effects of its occlusion, during an investi- 
gation at the Chester Beatty Research Institute. 

An extensive literature already exists on the vascular arrangements of the 
spleen in the normal experimental animal and the contributions of Knisely 
(1934, 1936a, 6) Mackenzie, Whipple and Wintersteiner (1941) and Whipple, 
Parpart and Chang (1954) using the transillumination technique are the most 
notable (on the intrinsic circulation) though their conclusions differ in certain 
respects. The possible value of using radiopaque injection material for the eluci- 
dation of splenic enlargement and the site of obstruction in the portal system 
of veins was first demonstrated by Abeatici and Campi (1951) in the dog. Several 
workers have since used a modified technique as a diagnostic procedure for portal 
hypertension in man, in which venous tributaries of the portal system and parti- 
cularly the tributaries of the splenic veins show up clearly, notably Dreyer and 
Budtz-Olsen (1952), Fuld and Irwin (1954), Basu and Das-{1956) and others. 

We adopted a method similar to that of Abeatici and Campi (1951) in our 
earlier studies to clarify many features of the intrinsic venous drainage of the 
rat spleen. We had the advantage over previous workers that by using an experi- 
mental animal we could take several radiographs of each specimen, whereas the 
number of radiographs taken in man must of necessity be limited. The results 
of our previous investigations on the venous drainage of the rat spleen and the 
effects of its partial occlusion have already been published, Braithwaite and 
Adams (1956a, 19566, 1957). 

The present study on the arterial arrangements in normal and tumour bearing 
animals, employing similar injection techniques to those described in earlier 
papers presents a more striking contrast between the arterial patterns of the normal 
and pathological spleen than was the case following splenic venography. 


MATERIAL AND METHODS 


The splenic arterial arrangements of normal rats were investigated in 30 
instances ; their weights ranged between 180 and 260 g. Similar investigations 
were conducted on the spleens of 30 tumour bearing rats (22 benzpyrene and 
8 xanthine). In some of the tumour bearing animals the blood supply was occluded 
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prior to sacrifice of the animal either by ligating or clamping the main vessels 
of supply to the tumour and noting any additional effect of these procedures on 
splenic vascularization. 

The technique employed in displaying the arterial system of the spleen was the 
injection of a radiopaque medium (either micropaque, thorotrast or diaginol were 
used) into either the abdominal aorta, the splenic artery or one of its hilar branches 
in the living animal or in the animal recently killed by coal gas (to prevent intra- 
vascular clotting). Radiographs on Kodaline film were taken during the course 
of the injection and at various times after this with the spleen already in position 
on the plate. 

In order to assess the efficiency of the collateral circulation and to try and 
produce experimentally similar arteriographic appearances to those encountered 
in the spleen of some of the tumour bearing animals certain additional procedures 
were employed in two groups of rats. In one infarction of a splenic zone was 
produced by ligation of its vessels of supply and the animals were sacrificed at 
varying periods after operation varying from 24 hours to two weeks and then 
injected and radiographed in a manner similar to that already described. In 
the second group certain agents such as dibenamine (ganglion blocking agent) 
and amyl nitrite (relaxant of smooth muscle) were injected intravascularly in 
graduated dosage prior to injection of radiopaque media. 


FINDINGS 
1. Normal Arterial Arrangements 


The splenic artery, a branch of the coeliac artery accompanied by the splenic 
vein approaches the spleen and gives off 5 to 7 hilar arteries which enter the organ 
at fairly regular intervals together with the corresponding hilar veins. Anastomoses 
between branches of the splenic artery and extrasplenic vessels occur at the upper 
and lower poles of the spleen, particularly between the hilar artery of the upper 
pole and the fundic arteries and between the branch to the lower pole and 
yastroepiploic vessels. 

The main direction of the intrinsic arteries is at right angles to the long 
axis of the spleen and they break up within the organ into a tree-like arborization 
of smaller channels. It is evident that there are no anastomoses of macroscopic 
size between the arteries of adjacent zones (Fig. 1). 


2. Arterial Arrangements in the Tumour Bearing Animals 


In the rat the vascularization of two types of tumour was studied particularly— 
one was the tumour induced by insertion of a benzpyrene tablet and the other 
followed the introduction of tumour tissue originally induced by xanthine oxidase. 
The former is comparatively slow in its growth and takes about 9-10 months 
to become fully established; the latter grows very rapidly and reaches 
« considerable size between 6 and 10 days after implantation. 

The typical arterial arrangements of the spleen in an animal with an advanced 
benzpyrene tumour are shown in Fig. 2; comparing this arteriograph with the 
arrangements in the normal animal (Fig. 1) it will be noted that the former 
presents a marked increase in vascularity and the injection mass has penetrated 
ito the finest ramifications of the intrinsic vessels filling the splenic parenchyma 
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throughout. It is not possible to demarcate the territorial supply of each hilar- 
vessel (of which there are seven in number in this instance) as is the case with the 
normal (Fig. 1). Further the larger intrasplenic vessels show an increased tor- 
tuosity and this dilatation is also reflected in the extrasplenic course of these 
hilar vessels. This marked splenic hyperaemia in the animal bearing the benz- 
pyrene tumour is a manifestation of increased splenic activity and is a direct 
response to the growing tumour. 

The arteriographs in the rapidly growing xanthine tumour which show advan- 
ced necrotic changes within the tumour differ from those in the previous series. 
The typical splenic appearance is emphasized if the rate of breakdown of the tumour 
is increased by cutting off its blood supply. Fig. 3 is an arteriograph of an animal 
bearing a xanthine oxidase tumour in the right thigh. In this animal the blood 
supply was occluded on the sixth day after implantation of the tumour tissue, 
and six days after the occlusion of the vessels, the animal was sacrificed. The 
site of interruption is clearly seen along the anterior division of the femoral 
artery. The spleen is full of opacities with a cotton wool appearance around the 
edges though being in the main circular in shape and corresponding to vascular 
engorgement in the region of the Malpighian follicles. 

Similar appearances have also been noted in the spleens of mice bearing 
mammary carcinomata following interruption of their blood supply either by 
vessel ligation or by clamping the main vascular pedicles to the tumour. Fig. 
4 and 5 show varying degrees of splenic opacity following these procedures. 
In Fig. 4 the spleen is completely filled and in Fig. 5 the opacities are scattered 
irregularly throughout the parenchyma (the lower pole of the spleen being indi- 
cated by the arrow). All illustrate an engorgement of vessels around the periphery 
of the Malpighian follicle. 


3. Arterial Arrangements Following Interruption of Hilar Vessels 

The majority of ligation experiments carried out in this series involved inter- 
ruption of the hilar vessels supplying the central zone of the spleen for the follow- 
ing reasons, (a) these vessels were generally larger than the remainder and supplied 
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EXPLANATION OF PLATES 


Fie. 1.—Arteriograph of the spleen in the normal rat. x 2°2. 
Fic. 2.—Arteriograph of the spleen in an animal with an advanced benzpyrene tumour in the 
right thigh. x 15. 
Fic. 3.—Arteriograph of an animal with a xanthine oxidase tumour in the right thigh. Note 
the splenic opacities. 
. Fie. 4.—Arteriograph of a mouse with a mammary carcinoma showing multiple splenic 
opacities throughout the spleen. 
Fie. 5.—Arteriograph of a mouse with mammary carcinomata showing splenic opacities 
scattered irregularly throughout the spleen. 
Fic. 6.—Arteriograph of spleen 24 hours after the production of an infarct. 
Fie. 7.—Arteriograph of spleen 4 days after the production of an infarct. 
Fic. 8.—Venograph of spleen, following direct intrasplenic injection into the infarcted area 
4 days after the production of an infarct. 
- Fie. 9.—Arteriograph of spleen 7 days after the product*on of an infarct. 
Fic. 10.—Arteriograph of spleen 10 days after the production of an infarct. x 2-5. 
Fic. 11.—Venograph of spleen following a direct intrasplenic injection into the infarcted 
area 10 days after operation. 2-5. 
Fie. 12.—Arteriograph of spleen 21 days afer the ee of an infarct. x 2. 
- Fie. 13.—Arteriograph of spleen from an animal previously injected with 0-18 ml. of 
dibenamine. xX 2. 
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ter area of splenic parenchyma than the other vessels (Braithwaite and Adams, 
1956 a, b), (b) delivery of the spleen at various times after operations showed that 
the central area was more accessible for injection purposes and could always be 
aligned accurately on the plate, (c) adhesions which occurred occasionally between 
the spleen and adjacent viscera were separated more readily than those involving 
ihe extremities of the spleen, particularly at the upper pole which is additionally 
anchored to the diaphragm by a well marked peritoneal ligament and (d) no 
anastomoses occurred between the middle hilar artery and vessels which lie 
outside the spleen. 
A limited number of ligation experiments were carried out in which the vessels 
to both poles were divided in order to compare the zones of infarction and the 
efficiency of the collateral circulation with those following ligation of the central 


pedicle. 


Interruption of vessels to the middle zone 

Fig. 6 is an arteriograph of the spleen in which the vessels had been divided 
twenty-four hours previously. There is a well defined band of ischaemia present 
and the site of interruption of the vessel which has produced this is indicated by 
the arrow. The intrinsic vessels of the spleen adjacent to the avascular zone 
show an increased tortuosity and there is evidence that vessels from the upper 
pole are sending down a leash of small channels into the infarcted area. There 
is no sign of any collateral channels arising from an extra splenic source. 

At 4 days after ligation the area of ischaemia is smaller (Fig. 7) and a large 
distended channel indicated by an arrow, can be seen coursing through the middle 
of the zone. This vessel is the intersegmental vein (Braithwaite and Adams, 
1956 a, 6) and can be demonstrated to better advantage by direct intrasplenic 
injection (Fig. 8). A new feature which is well shown at this stage is the presence 
of several “signet ring” like structures, each possessing a central clear zone 
surrounded by a dark circle of injection material (Fig. 7). These structures are 
most numerous in the areas adjacent to the infarct and decrease in number towards 
the poles of the spleen. They represent a concentration of injection material 
around the Malpighian follicle. Their significance will be discussed later. 

At 7 days (Fig. 9) after ligation the ischaemic zone has decreased in size still 
further and is most evident in the central zone near the periphery of the spleen. 
There are a few “ signet ring ” like structures still present, although they are not 
as prominent as in the arteriograph at the 4 day stage (Compare with Fig. 7). 

At 10 days (Fig. 10) after ligation a leash of newly formed vessels arising from 
the branch of the splenic artery to the upper pole has grown downwards and is 
surrounding the infarcted zone the centre of which is indicated by the dark circular 
mass of medium. There is no sign of any perifollicular filling of the medium 
around individual follicles. 

The venous outflow from the same area of this spleen was demonstrated by 
injecting 0-36 ml. of thorotrast directly into the middle of the infarct (Fig. 11). 
It shows clearly a single distended and tortuous intravenous channel linking up 
with a complex leash of smaller veins in the compartment immediately above and 
below the area. Its course corresponds to the direction of the newly formed 
arterial network (Fig. 10) and the fact that it is a functioning channel and not an 
artefact is demonstrated by its rend when carrying out a direct intrasplenic 
injection into the normal zone. 
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At 21 days (Fig. 12) the area previously rendered ischaemic has now become 
fibrosed and the adjacent splenic parenchyma has been completely revascularized. 
The original zone of infarction is indicated by a constriction in the centre of the 
spleen on either side of which there is a rich plexus of small arterioles and capil- 
laries—whose arrangement is in marked contrast to the vessels in normal zones 
of the spleen. 

An intervenous channel is present in the centre of the constricted area. At 
this stage the repair phase of the ischaemic zone by ingrowth of new vessels is 
complete. 


4. Arterial Arrangements Following Dibenamine and Amyl Nitrite Injection 

These agents in varying amounts have been injected either intracardially 
or intravascularly into the rat to see if perifollicular filling could be produced by 
these means on the basis that the blood supply to the follicles is normally controlled 
by a sphincteric arrangement of smooth muscle which in the normal animal is 
usually in a state of contraction. 

In all the experiments in which these drugs were used prior to the injection 
of radiopaque media the splenic appearances were similar. Fig. 13 shows a 
typical arteriogram following the introduction of 0-18 ml. dibenamine intravenously 
which is a ganglion blocking agent, followed by injection of thorotrast. 


DISCUSSION 


It is generally acknowledged that the degree of filling of the splenic vessels 
by injection through the arterial system varies considerably and an accurate 
display of the intrinsic arterial vessels is never as complete as a comparable display 
of the venous system. 

By using similar injection techniques in all instances it is evident that there 
are two extreme arteriographic patterns in the present series with some specimens 
having features common to both. The first pattern is the “dead tree ”’ picture 
exemplified by the spleen in a normal animal, and the second is demonstrated by 
the “ perifollicular filling’ of vessels specifically situated around the periphery 
of a Malpighian follicle. , 

The former is accentuated in animals bearing a fully developed benzpyrenetumour 
which has gradually increased over a period of months, and the resulting hyperaema 
indicates increased splenic activity in response to the tumour growth. The 
engorgement of vessels around the follicles is most marked in animals with rapidly 
growing tumours which show evidence of marked necrosis or in those in which 
increased breakdown of tumour tissue has been brought about by occluding the 
blood supply. This response is therefore associated with extrasplenic breakdown 
of tissue. Altschul and Hummason (1947) have shown that the injection of 
indian ink results in a concentration of these particles around the follicle and it is 
likely that the hyperaemia round the follicles can be explained on the grounds of 
the white pulp reaction to circulating breakdown products or their chemical 
agents. 

In order to assess this concept further and see if localized “ intrasplenic ”’, 
as distinct from “extrasplenic”’ tissue damage would show similar arterial 
patterns we carried out a series of experiments in which certain vascular pedicles 
were divided thereby producing infarcts. It is evident that from the 4th to the 
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7th day there is the presence of “ signet rings ’’ adjacent to the infarcted zone and 
that from the 10th day onwards these are not observed. It is suggested that the 
transitory appearance of these structures is associated with local tissue breakdown 
and that when the repair phase is advanced as shown by the ingrowth of new 
vessels the perifollicular circulation is considerably reduced. The fact that the 
“ signet rings ” are concentrated around the site of the infarct affords additional 
evidence. 

The fact that the perifollicular circulation is probably controlled by a sphinc- 
teric mechanism is shown by the experiment in which this is relaxed by using 
either dibenamine or amy] nitrite. 


SUMMARY AND CONCLUSIONS 


1. The arterial patterns of the spleen have been studied in 30 normal and 30 
tumour bearing rats by a radiological technique. 

2. The slowly growing benzpyrene tumour is associated with marked splenic 
hyperaemia in which the intrinsic vessels are enlarged and tortuous as compared 
with the ‘‘ dead tree ” appearance of vessels in the normal animal. 

3. The rapidly growing xanthine oxidase tumour is associated with a well 
marked perifollicular hyperaemia—manifest by the presence of particles of injection 
medium around the Malpighian follicle. 

4. Similar changes in vascular pattern have been produced experimentally 
by : 
(i) production of localized splenic infarcts 
(ii) injection of dibenamine and amy] nitrite. 
The perifollicular hyperaemia in these instances was only transient. 


5. Reasons are suggested for the differences in the arteriographs of the 
different groups. 
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Tumour cells of the ascites form of the Rous sarcoma (Epstein, 1951) were 
used for the work in which the Rous virus was first identified (Epstein, 1956a) 
because of their suitabilty for the combined morphological surveys and biological 
tests which it was necessary to perform. Following the identification, the fine 
structure of the virus was studied in the ascites cells (Epstein, 1957a), but although 
much useful information was obtained, no light was shed on the mode of Rous 
virus multiplication. 

It was then considered that solid tumours would perhaps be better material 
in which to investigate the multiplication problem since in them, conditions 
presumably approximate closely to those occurring naturally. However, before 
such an investigation can be undertaken and the relationship of the virus and its 
precursors to the cells defined, two preliminary points require to be settled. The 
first of these concerns the fine structure and organisation of the tumour cells 
themselves and has been discussed elsewhere (Epstein, 1957b). The second, 
relates to establishing the nature of the particles known to be associated with solid 
Rous sarcomata (Gaylord, 1955) ; it is an imperative first step in all work of this 
kind and was made particularly necessary by the fact that somewhat similar 
unidentified particles have been reported in association with certain normal 
chicken cells (Rouiller, Haguenau, Golde and Lacour, 1956 ; Benedetti and Bern- 
hard, 1957). In order to identify the Rous sarcoma cell particles, an attempt was 
made to correlate their incidence in thin sections of different Rous tumours 
examined in the electron microscope, with the infectivity of virus preparations 
made from the tumours. The results, like those reported by other workers 
(Bernhard, Oberling and Vigier, 1956), were inconclusive. This is not surprising 
since thin sections only give information about an infinitely small sample taken 
from what is often a substantial tumour, whilst infectivity tests of extracts made 
from the tumour give information regarding its overall average virus content. 
There is no reason why the virus should necessarily be distributed evenly through- 
out a given tumour and in fact it frequently is not. 

Now, the purifying effect on animal viruses claimed for certain fluorocarbons 
(Gessler, Bender and Parkinson, 1956) has recently been investigated using Arcton 
63 (CF,CI-CCI,F) to purify vaccinia virus (Epstein, 1958). The investigation 
showed not only that the virus could be separated from all formed host cel! 
constituents, but also, and more important in the present context, that if pellets 
made from the virus suspensions were checked by the electron microscope for 
the presence of particles, the viral nature of the particles could be established by 
parallel tests for b‘ological activity. 
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The possible applicability of a procedure such as this to the unidentified particles 
of solid Rous tumours was apparent and preliminary trials were undertaken. No 
success was obtained with material from fowl-grown tumours but small rapidly 
growing nodules from the chorio-allantoic membranes of Rous-inoculated chick 
embryos gave promising results. 

Experiments have therefore been made in which suspensions of particles from 
«2g-grown Rous tumours have been treated with a fluorocarbon. The suspensions 
have been subjected to high speed centrifugation in order to obtain pellets of the 
f rmed elements present for fixing, embedding and sectioning for electron micro- 
scopy. Direct observation of the pellets with the electron microscope has been 
used as a check on their purity. Biological tests have been made at each stage of 
the experiments in combination with the morphological work, as a means of 
establishing the viral nature of the particles present in the pellets. The present 
} per reports the results which have been obtained. 


MATERIALS AND METHODS 


Tumour.—The Rockefeller Institute strain of the Rous No. 1 fowl sarcoma 
v hich was used has been described previously (Epstein, 1956a). It was passed 
in series every 7 days by the inoculation of 0-5 ml. volumes of tumour hash into the 
breast muscles of chickens. 

Animals.—Pedigreed susceptible Brown Leghorn fowl were obtained from the 
Poultry Research Centre, Edinburgh. The birds were between 6 and 7 weeks old 
when used for the titrations ; in the tumour passages 6 to 8 week old birds were 
inoculated because of the exigencies of supply. 

Eggs.—Fertile chickens’ eggs were obtained throughout from the same source ; 


they were used after the embryos had been incubated for 8 to 9 days at 37° C. 
Suspending fluid.—The composition of the suspending fluid used has been 
described elsewhere (Epstein, 1958). 


Preparation of fluorocarbon-treated suspensions 

For each experiment, a bird with a rapidly growing tumour inoculated 7 days 
previously was killed by cervical dislocation. The tumour was removed and minced 
in a Craigie (1949) type mincer using the coarsest plunger; the mince was then 
suspended in suspending fluid to give a 33 per cent v/v suspension and 0-1 ml. 
volumes of the latter were inoculated on to the chorio-allantoic membranes of a 
group of eggs using false air sacs prepared by the standard technique (Beveridge 
and Burnet, 1946). The inoculated eggs were incubated for 7 days at 37° C. and 
were then opened and their chorio-allantoic membranes harvested. About 9 of 
those with suitably heavy lesions—nodules 1 to 2 cm. in diameter together with 
s:attered pocks and oedema—were selected for treatment with fluorocarbon and 
the preparation of a purified suspension. The fluorocarbon used was Arcton 63 
((F,CLCC1,F of Imperial Chemical Industries Ltd., London, W.1) and it was 
ajplied by methods already described (Epstein, 1958), either 5, 6 or 7 times 
dvpending on the experiment. 


FP eparation of pellets for electron microscopy from fluorocarbon-treated suspensions 
Pellets were obtained from the suspensions by high speed centrifugation ; 
semples were taken from the pellets and were fixed with permanganate (Luft, 
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1956), dehydrated, embedded and sectioned for electron microscopy. The tech- 
niques used have been described in detail elsewhere (Epstein, 1958). In addition, 
some samples were fixed in buffered osmium-sucrose (Palade, 1952; Caulfield, 
1957) for about 1 hour, instead of permanganate. 


Methods used in assay of virus 

Samples of fluids and pellets were taken and handled before inoculation in 
a manner already described (Epstein, 1958). The inoculation of the fowl used 
in the titrations and their subsequent examination was done as in previous work 
(Epstein, 1956a). 


General considerations 
The tumours were passed and the titrations carried out with strict aseptic 
technique ; tests for the presence of contaminating bacteria were negative. 
The inoculations of the titration experiments were completed about 3 hours 
after killing the tumour-bearing birds. 
For the electron microscopy, a Philips EM-100 was used in the way described 
elsewhere (Epstein, 1958). 


Experimental procedure 

In each experiment a pellet was made from a fluorocarbon-treated suspension 
and samples were taken from different areas of the pellet and prepared for electron 
microscopy. The samples were investigated with the electron microscope by 
examining sets of serial sections cut from them at various levels. In addition, 
samples were taken from the fluorocarbon-treated suspension, the supernatant 
fluid above the pellet (Spinco Supernatant) and from the fluids containing re- 
suspended fragments cut from different regions of the pellets. These samples 
were diluted in serial tenfold steps with suspending fluid and portions of the various 
dilutions were used for inoculation. In Experiments 1 and 2, five applications of 
the Arcton 63 were used to purify the suspensions whilst in Experiments 3 and 4 
it was applied six and seven times respectively. In two additional experiments 
the effect of seven treatments with fluorocarbon was investigated further. 


Calculation of results 

From the number of tumours which arose following the inoculation of each 
dilution of a sample of material (Table I), that dilution of the sample which would 
have caused tumours in 50 per cent of fowl when given in a dose of 1 ml., was 
calculated. The method of calculation used was that of Reed and Muench (1938) 
and the results have been recorded in Table I under the heading of Tumour Dilution 
50 (TD 50). 


RESULTS 


Macroscopic appearance of the pellets 

The pellets measured about 2 to 3 mm. in diameter and had exactly the same 
appearance as pellets from fluorocarbon-treated vaccinia virus suspension: ; 
the characteristic dense white zone, outer ring, tongue and jelly were all preseiit 
(Epstein, 1958). The dense white zone, however, usually measured less than | 
mm. in diameter. 
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Electron microscopy of the pellets 

Dense white zone.—The dense white zone consisted either largely or almost 
entirely of uniform spherical particles measuring about 70 to 75 my in diameter. 
\Vhere samples of the dense white zone came from pellets made from material 
which had been treated with fluorocarbon five or six times, a certain amount of 
formed membranous débris accompanied the particles (Fig. 1), presumably of 
host tumour cell origin. Where the fluorocarbon was applied seven times, the 
uniform particles were almost the only recognisable formed structures present in 
the samples of the dense white zone of the pellets (Fig. 2 and 3). 

The fine structure of the particles was the same as that of the Rous virus in 
the vacuoles of Rous ascites tumour cells (Epstein, 1957a). The double nature of 
the outer limiting membrane was particularly clear in permanganate fixed particles 
javourably orientated to the plane of sectioning (Fig. 4). 

Jelly, ring and tongue.—The parts of the pellets consisting of the jelly, ring 
and tongue had the same arrangement and fine structure as the corresponding 
regions of pellets made from fluorocarbon-treated vaccinia virus suspensions 
(Epstein, 1958). The typical uniform fuzzy appearance of the jelly was seen 
after both osmium and permanganate fixation and at high magnification the fine 
beaded threads forming its fine structure were evident (Fig. 5). The jelly in those 
areas of the pellets which lay immediately around the dense white zones contained 
scattered particles (Fig. 6) identical with those composing these zones (Fig. 2 and 
3) in the same way as occurred in pellets made from vaccinia material (Epstein, 
1958). Another similar feature was the sharp demarcation observed between 
the particles of the dense white zones and the jelly which covered them. 


Combined electron microscopy and titrations 
Table I shows the results of the experiments in which the infectivity of samples 
taken at differing stages during the preparation of pellets was investigated and 


TaBLE I.—The Biological Activity of Samples Taken at Different Stages During the 
Preparation of Pellets from Fluorocarbon Purified Virus Suspensions (titration 
i.d. in Fowl) 


Dilutions of sample and number of tumours TD 50 
from 4 inoculations of each dilution per ml, 

No. Sample 10-° 10-* 10-* 10-* 10-° 10-* 10-7 sample 
1. Fluorocarbon-treated suspension — 4/4 4/4 4/4 4/4 2/4 0/4 — 10-¢-* 
Spinco Supernatant — 4/4 3/4 0/4 0/4 0/4 0/4 — 10-39 
ite pellet 4 0 — 10-5-* 


Fluorocarbon-treated suspension 0/4 

Spinco Supernatant . 4/4 4/4 2/4 O/4 0/4 0/4 — — 10-3-6 
White pellet — 4/4 44 14 O04 04 Of — 10-*-2 
Pellet jelly . 4/4 0 10-33 


Fluorocarbon-treated suspension 
Spinco Supernatant 4/4 4/4 0/4 O/4 O/4 
White pellet > ° 
Pellet jelly . 


Fluorocarbon-treated suspension 
Spinco Supernatant ‘ - 4/4 4/4 4/4 1/4 O/4 O/4 

ite pellet ° ° - — 4/4 4/4 4/4 1/4 O/4 O/4 
Pellet jelly . 
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related to the morphological observations made with the electron microscope 
on samples from different regions of each pellet. 

It can be seen that the infectivity of each suspension was very considerably 
greater than that of the supernatant fluid (Spinco Supernatant) above the pellet 
formed by high speed centrifugation of the suspension (Table‘I). After this 
centrifugation something of the order of 99-9 per cent of the biological activity 
was eliminated from the suspensions on three occasions (Experiments 1, 3 and 4) 
and slightly less than this on another (Experiment 2). That this activity had 
been deposited in the white zone of the pellets is shown by the fact that a very 
small sample from this zone was highly active (Experiments 1 to 4) even though 
it had been re-suspended in as great a volume of fluid (Epstein, 1958) as the original 
suspension from which the whole pellet came. In contrast, similarly re-suspended 
samples from the gelatinous regions of the pellets possessed considerably less 
activity (Experiments 2 to 4). 

When samples taken from the white zones of the pellets were examined in the 
electron microscope the only structures which were invariably observed were 
uniform particles about 70 to 75 my in diameter. Where the samples came from 
the white zones of pellets made from material which had been treated seven times 
with fluorocarbon, these particles were almost the only formed structures present 
(Fig. 2 and 3). Samples of the gelatinous areas of the pellets were found to be 
free of particles (Fig. 5) when examined in this way. 


DISCUSSION 


The fluorocarbon purification method used in the present work is adapted 
from that described by Gessler, Bender and Parkinson (1956). The reasons for 
adopting the various modifications which have been introduced are discussed 
elsewhere (Epstein, 1958). Five applications of the flourocarbon were used in the 
first experiments since this procedure had been effective in separating vaccinia 
virus from all formed host cell constituents (Epstein, 1958). As the experiments 
progressed, it became evident that for the present system seven fluorocarbon 
treatments were required if host cell débris was to be eliminated (Fig. 2 and 3). 


EXPLANATION OF PLATES 


All the figures are electron micrographs of various regions of pellets prepared from 
fluorocarbon-treated suspensions of the Rous virus. 


Fic. 1.—Small area of a section cut through the dense white zone of a pellet prepared from a 
suspension treated with six applications of fluorocarbon. Besides the virus particles which 
measure 70 to 75 mz in diameter there is some membranous débris present, presumably of 
host cell origin. Osmium fixation. x 75,000. 

Fic. 2.—Survey picture of a section cut through a representative region of the dense white 
zone of a pellet prepared from a suspension treated with fluorocarbon seven times. Uniform 
particles about 70 to 75 mw» in diameter are almost the only formed recognisable structures 
— Permanganate fixation. x 14,000. 

Fic. 3.—Small area of a section cut through the dense white zone of the same pellet as that 
shown in Fig. 2, showing its composition in greater detail. Permanganate fixation. 
x 45,000. 

Fic. 4.—Group of virus particles sectioned in a pellet ; the double nature of the outer limiting 
membrane is evident in the particles most favourably orientated to the plane of the section 
(arrows). Permanganate fixation. x 150,000. 

Fic. 5.—Section through the gelatinous region of a pellet ; the granular appearance is due to ~ 
the presence of fine beaded threads. Permanganate fixation. x 50,000. 


Fie. 6.—Section through the jelly immediately adjacent to the dense white _— of a ‘i 3 
scattered virus particles are present in small numbers. Permanganate fixa 


: 
by 
= 
3 
Wee 


‘RITISH JOURNAL OF CANCER. Vol. XII, No. 2. 


| 
A 
Epstein. 


he 
| 
| 


;RITISH JOURNAL OF CANCER. Vol. XII, No. 2. 


j ‘J 
> 
re . 
* 
«< 
> 
= 
Epstein. | 


to 
g 
Ger 
at 


Vol. XII, No. 2. 


British JouRNAL OF CANCER. 


OBSERVATIONS ON THE ROUS VIRUS 253 


Egg-grown Rous nodules were used as starting material for the present experi- 
ments because fluorocarbon purification had proved unsuccessful when applied 
n preliminary trials to fragments of tumours grown in the breast muscles of 
voung fowl. It was found necessary to inoculate a heavy suspension of minced 
-umour on to the chorio-allantoic membranes of the eggs to obtain the nodules 
of growth required for the experiments. Preparations of Rous virus free of cells 
were not suitable since they caused growth infrequently and very erratically. 
Che difficulties involved in growing the Rous virus on the chick chorio-allantois 
have already been discussed in another context (Epstein, 1956) and some recently 
reported experiments appear to offer an explanation of them (Prince, 1958). 

From the results which have been obtained it is evident that fluorocarbon- 
‘reated suspensions of nodules grown on the chorio-allantoic membranes of chick 
embryos contained only one type of regular formed structure, namely spherical 
particles 70 to 75 my in diameter. This follows from the fact that the pellets 
made by high speed centrifugation of such suspensions consisted of particles, 
‘uzzy gelatinous material and some variable débris which was absent when the 
‘tuorocarbon treatment was applied seven times (Fig. 2 and 3). The particles 
were of a size appropriate for the Rous virus (Elford and Andrewes, 1935; Andrewes 
1936; McIntosh and Selbie, 1937; Claude, 1937; Epstein, 1956a and 1957a) 

_and their structure was uniform (Fig. 1 to 4) and identical with that of the Rous 
virus (Epstein, 1957a) ; such particles have never been observed in pellets made 
from either fluorocarbon-treated suspensions of vaccinia infected chick chorio- 
allantoic membranes (Epstein, 1958) or normal chorio-allantoic membranes 
(Holt and Epstein, 1958). More important by far, the results of the titration 
experiments (Table I) clearly show that when the suspensions were centrifuged 
their biological activity came to lie in the region of the pellets occupied by the 
particles (Experiments 1-4) and composed of almost nothing but particles (Fig. 
2) in those cases where seven fluorocarbon treatments were used in the purification. 
Thus, the uniform formed particles can be identified as the Rous virus by virtue of. 
the biological activity which they 

This conclusion is re-inforced by the exactly comparable results obtained when 
vaccinia virus was treated in the same way as the Rous virus (Epstein, 1958). 
Since the work with the Rous and vaccinia viruses consisted of a series of identical 
experiments in which only the particle under test was varied, the results of each 
investigation support the validity of the other. It should be noticed, however, 
that when the biological activity of samples from the different regions of the Rous 
pellets was compared, that of the white zones containing the particles did not 
exceed that of the gelatinous areas quite as dramatically as was the case with the 
vaccinia pellets (Epstein, 1958). This is probably a consequence of the great 
difficulty involved in avoiding clumping and aggregation of the relatively small 
lous virus when samples of the pellets were re-suspended for biological testing. 
On the other hand, the fact that the Rous virus needed more treatments with 
fluorocarbon than vaccinia in order to separate it from formed cell constituents, 
is perhaps due to differences in the fine structure of the cells infected with the two 
\iruses. This may perhaps also explain the presence of the occasional cell frag- 
1.ents found associated with the Rous virus but not with vaccinia virus. 

Besides allowing the viral nature of the particles associated with solid Rous 
tumours to be established, the present work has shown that these particles can be 
isolated, in a circumscribed area of pellet, almost entirely free from host cell 
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elements (Fig. 2). This represents a considerable advance, for the pellets obtained 
from “ purified ” suspensions of the Rous virus which were sectioned and examined 
with the electron microscope by Bernhard, Oberling and Vigier (1956) consisted 
almost wholly of cell débris containing only extremely rare unidentified particles 
of the shape and size appropriate for the Rous virus. Even where this virus has 
been isolated by the method of Moloney (1956), pellets examined in the electron 
microscope were composed substantially of formed cell débris with groups of 
aggregated particles embedded in it (Haguenau, Moloney and Dalton, 1957). 

The presence of the gelatinous material in the pellets shows that fluorocarbon 
treatment left the Rous virus associated with certain contaminating substances 
just as occurred in the case of vaccinia virus (Epstein, 1958). In both cases 
the substances seem to be of the same kind and include much free deoxyribonucleic 
acid (Holt and Epstein, 1958 ; Epstein and Holt, 1958). The latter contaminant 
in particular precludes the use of fluorocarbon-treated Rous virus preparations 
for chemical analysis of the virus for the same reasons as have been discussed with 
reference to vaccinia virus isolated in this way (Epstein, 1958). It seems probable, 
however, that the methods suggested for freeing fluorocarbon-treated vaccinia 
virus from the deoxyribonucleic acid contaminating it (Holt and Epstein, 1958) 
would apply equally well in the case of the Rous virus. 

Even without adopting further purification measures, as work reported 
elsewhere shows (Epstein and Holt, 1958), the dense white zones of the pellets 
containing the Rous virus freed by the fluorocarbon from formed host contaminants 
(Fig. 2) afford an ideal source of purified material for the cytochemical study 
of the composition of the virus. 


SUMMARY 


Experiments are described in which a fluorocarbon (CF,CI-CCI,F) was used 
to prepare suspensions of the particles which occur in association with the cells 
of the Rous sarcoma. Nodules of solid Rous tumours were grown on the chorio- 
allantoic membranes of chick embryos and their virus-like particles were separated 
from host cell constituents at a water-fluorocarbon interface ; the suspensions 
were subjected to high speed centrifugation for one hour and the pellets obtained 
were fixed, embedded and sectioned for electron microscopy. Direct observation 
of the sectioned pellets with the electron microscope has been used as a check 
on their purity. In combination with the morphological work, tests for biological 
activity have been made on the material at each stage in the experiments in order 
to investigate the nature of the particles. 

The results show that fluorocarbon treatment enabled suspensions of virus-like 
particles to be made which were almost entirely free of recognisable formed host 
cell constituents but which nevertheless contained other important host substances. 
This was demonstrated by the fact that the pellets made by high speed centri- 
fugation of suspensions treated by seven applications of fluorocarbon consisted 
of a firm white zone composed of spherical uniform particles about 75 my in 
diameter, as well as a gelatinous region. The particles had a fine structure indis- 
tinguishable from that of the Rous virus. The viral nature of the particles has been 
established by the results of the biological tests ; these have shown that about 
99-9 per cent of the infectivity of the suspensions was eliminated by the gravita- 
tional force applied and that this activity came to reside, after the centrifugation, 
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in that part of each pellet in which the particles were the only constant feature or, 
where seven fluorocarbon treatments had been used, the only feature. 


The author is most grateful to Dr. P. Armitage of the Medical Research 
Council’s Statistical Research Unit (London School of Hygiene and Tropical 
Medicine) for his kind help with, and approval of, the presentation and evaluation 
of the results of the titrations. 

The expenses of this investigation were borne by the British Empire Cancer 
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Ir has been shown (Ada and Perry, 1955, 1956) that the infectivity of influenza 
virus can be correlated with the amount of ribonucleic acid (RNA) in the virus 
preparations. Partially purified virus extracts from tumours such as the Rous 
No. 1 sarcoma are probably relatively impure compared with influenza virus 
preparations because of the lack of specific reactions whereby the virus can be 
separated from non-infective tumour cell cytoplasmic components. It was felt, 
however, that it would be worth while investigating tumour virus concentrates 
for possible clues as to the relative importance of the nucleic acid, lipid or protein 
constituents to the infectivity of the extracts. It has already been shown that 
RNA can be quantitatively extracted and is probably the exclusive nucleic 
acid type found in Rous sarcoma virus preparations (Bather, 1957). 


MATERIALS AND METHODS 


All the methods employed in the titration of infectivity, isolation of the 
partially purified virus, the chemical estimations of RNA and lipid and the deter- 
mination of the molecular proportions of purines and pyrimidines in the RNA have 
been described in detail elsewhere (Bather, 1952, 1957). Briefly, the infectivity 
titrations employ serial dilution and end-point determination in day-old chicks. 
Fractional centrifugation and enzyme treatment with hyaluronidase and trypsin 
were used in the purification procedure. RNA was determined, after extraction 
with 10 per cent NaCl, by its absorption at 260 my in the spectrophotometer. 
Lipid was extracted from the dried, weighed virus preparation and its amount 
estimated by the difference in the weight of the delipidated material. Purine 
bases and pyrimidine nucleotides were separated from acid digests by paper 
chromatography and their relative amounts estimated by eluting and reading 
their absorption in the U.V. spectrophotometer. The chickens, as before, were 
from the inbred line of high Rous susceptibility maintained at the Centre. 

Four tumours which have not been described before were used in this work. 
Three of them are fibro-myxo-sarcomata (P.R.C.-2, -3 and -4) and contain infective 
viruses. P.R.C.-2 arose in the mesentery of a chicken of unknown strain. 
P.R.C.-3 was found in the breast muscle of a Rhode Island Red hen. P.R.C.-4 
arose either in the mesentery or the ovary of a Light Sussex hen. All three were 
maintained by serial passage in the breast muscle of young Brown Leghorn 
chickens from the flock at this Centre. Frozen dried preparations have been made 
of each and are kept in cold storage. P.R.C.-1 is a very fast growing myelo- 
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blastoma with leukaemic tendencies. It first. appeared in a Brown Leghorn 
hen from our own flock as a myeloid leukaemia. Upon transplantation of homo- 
genized spleen tissue it was found to grow as a solid myeloblastoma which often 
metastasized to the liver, lungs and kidney in the early passages. From the 27th 
passage on, however, metastases almost never occurred and the leukaemic 
condition became much more severe, probably causing the death of the host. 
It has no virus associated with it despite its very rapid growth which results in 
the death of the bird 6 or 7 days after transplantation. 


EXPERIMENTAL 
Correlation of RNA content of partially purified Rous virus with infectivity 

A series of 33 virus preparations was examined for RNA content and infectivity. 
RNA phosphorus was converted to RNA by applying the factor 9-7 calculated 
from the known proportions of bases estimated by paper chromatography and 
U.V. absorption (Bather, 1957). Four or five chicks were used at each dilution 
in the infectivity titration and the second figure in the end-point estimated by 
the method of Parker and Rivers (1936). Infectivity is expressed as Minimum 
Infective Doses per g. wet tumour (M.I.D./g. tumour). The results are plotted 
in Fig. 1. 


Infectivity (M.LD. per g. tumour) 


02 06 10 18 
Percentage ribonucleic acid 
Fic. 1.—Relationship between infectivity and ribonucleic acid content of 
partially purified Rous sarcoma virus preparations. 


The range of infectivities extends from 10 M.I.D./g. tumour to 10° M.I.D./g. 
and represents almost as wide a range as it is possible to get with Rous Sarcoma 
grown in young or adult chickens. Most of the preparations of low infectivity were 
obtained from adult hosts of two or more years of age. The rate of growth of the 
tumours was fairly uniform over the whole range. That there is an increase in 
RNA content in preparations of high infectivity is obvious from the graph. 
The correlation was examined statistically and found to be highly significant 
(r = 0-643 for 31 degrees of freedom—see Table II). The equation of the regres- 
sion line for the data is y = 3-412 + 0-29 and has been drawn in Fig. 1. 
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RNA content of lipid-free Rous sarcoma virus preparations 

Uhler and Gard (1954) put forward evidence that the lower density of incom- 
plete influenza virus as compared with standard preparations was due to a higher 
lipid content. It was considered advisable to follow the lipid content of the 


partially purified Rous virus preparations in order to see if any difference could 
be detected between preparations of low and high infectivity. The amount of 
lipid was estimated by weighing dry virus preparations before and after extraction 
It was then possible 


with a chloroform : methanol mixture (2:1) and ether. 

to express RNA as percentage of the lipid-free residue. 
Table I presents these results grouped into three levels of infectivity and gives 

the average percentage RNA in the whole unfractionated preparations and in 


Tams I.—Ribonucleic Acid and Lipid Content of Partially Purified Rous sarcoma 
Virus Preparations of Low, Medium and High Infectivity 


Average % RNA Average ° % RNA Average % lipid 


Infectivity 


M.LD./g. 
10-103-° 


105-3] 98-5 


Number of 
observations 


in whole 
preparations 

+8.D. 

(range) 
0-94+-0-21 
(0-62-1-15) 
1-27+0-20 
(0-91-1-57) 
1-47+0-24 


(1-05-1-84) 


in lipid-free 
preparations 


2-38+0-44 
(1-92-3- 14) 
2-46+0-62 
(1-48-3- 46) 


45-1412-5 
(25-0-60- 4) 
46-146-3 
(40- 6-57 -5) 
39-047°7 
(23-4-49-9) 


the lipid-free residues and the average percentage lipid of the whole preparations. 
The range of values is given in brackets beneath the averages. 

There seems to be a trend towards increasing lipid content in preparations of 
low infectivity (final column). However, the results are widely scattered and 
there is no significant correlation when the data are examined statistically. The 
correlation between RNA content and infectivity, whether expressed 4s percentage 
of the whole unfractionated preparation or as percentage of the lipid-free residue 
is statistically significant in both cases (even though the wide scatter in the lipid 
results has imparted a correspondingly wide scatter to the values of RNA content 
of the lipid-free residues). The slopes of the regression lines are, however, quite 
different for the two sets of data. The pertinent statistical data are given in 
Table II. 


TaBLE II.—Statistical Correlations between the Infectivity of Partially Purified Rous 
Sarcoma Virus Preparations and their RNA and Lipid Content 


Coefficient of Slope of 
Constituent of correlation ion ‘ine Significance 
RNA in whole preparation . ° 0-643 ° 3-41* <0-001 
RNA in lipid-free 0-529 1-60 <0-01 
Lipid in extract ° 0-134 >0-1 


* Equation of regression line y = 3-41x + 0-29. 
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Molecular proportions of purine and pyrimidine bases in RNA isolated from 
different tumours and normal tissues of the fowl 

The series of virus induced tumours available in this laboratory was examined 
with respect to the relative amounts of purines and pyrimidines in the partially 
purified virus RNA. These are Rous Sarcoma, P.R.C.-2, -3, and -4 sarcomata 
and MH, endothelioma. In addition P.R.C.-1 (non-virus associated myeloid 
tumour) and GRCH/16 (a non-virus associated descendant of a chemically- 
induced sarcoma) were extracted in the same way as the virus-induced tumours. 
The cytoplasmic particulate fraction was “ purified” by enzyme treatment and 
fractional centrifugation as if a virus were present. The resulting “ partially 
purified pellet” was treated in exactly the same way as those from the virus- 
induced tumours in order to obtain the RNA and examine its purine and pyrimi- 
dine composition. The same procedure was followed in isolating the RNA from 
normal liver and spleen extracts. The combined results are presented in Table 
{II. The amounts of RNA found in the virus and particulate preparations from 
all the tumours studied were similar and lay within the range found for Rous 
sarcoma. This was also true for the lipid content. 


TasBLE III.—Molecular Proportions of Purine and Pyrimidine Bases Obtained 
by Chromatographic Separation on Filter Paper of RNA from Yeast, Partially 
Purified Tumour Virus Preparations and Cytoplasmic Concentrates of Fowl 
Liver, Spleen and Non-virus Associated Tumours. 


Number 
of 
obser- Ade- Guanine Cytosine Uracil 
nine + 8.D. + 8.D. + 8.D. 
. 1-15+0-04 . 0-82+0-01 . 0-88+40-02 . 
. 1-86+0-12 . 1-5940-06 . 0-83+40-07 . 


7840-09 . 

0-76 

0-97 
1-4940-10 . 0-7940-07 . 
1-62£0-08 . 0-8640-09 . 
15440-1383 . 0-81+0-08 . 
(1-62-1-54) (0-67-0-75) (0-49-0-52) (1-22-1-24) (1-07-0-98) 


+ 
Q 


Pu 


AG 


‘Py 

+ 8.D. 
-27+0-03 . 
-19+0-04 . 


BSH 
te 


ait HH +/+ 


2 
2 


° 299 
aw 


= 
H HH m+ 


*23+40-03 . 
1-25 


+ 
= 


ESHO 
S¢ 


sesseese 


All of the values for the purine and pyrimidine bases are referred to adenine 
(= 1-00) and presented with their standard deviation (S.D. = J —). The last 


three columns are ratios between different pairs of bases. The first of these shows 
the ratio of adenine + uracil to guanine + cytosine obtained for RNA from yeast 
and tumour or normal tissue sources. The low values for nucleic acids other than 
veast are typical and the predominance of guanine and cytosine has been commen- 
ted on by Elson and Chargaff (1954). The ratios appear to be the same, within 
experimental error, for all samples except yeast, with the possible exception of 
MH, endothelioma and P.R.C.-1 myeloblastoma, but the differences are very 
small and not significant (p>0-05 by the ¢-test). 
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The ratios of purines to pyrimidines are fairly constant throughout and always 
greater than unity. The last column (adenine + cytosine: guanine + uracil) 
gives a measure of the ratio of 6-keto groups to 6-amino groups and is of interest in 
the possible configuration of the RNA molecule. In each case the ratio is close 
to unity and these results are in agreement with the general observations of Elson 
and Chargaff (1954). There are no significant differences between the ratios of 
purines to pyrimidines or adenine + cytosine/guanine + uracil for any pair of 
results in the table. 

In order to see if there were any detectable differences in the nucleic acid 
composition between Rous sarcoma virus preparations of low and high infectivity, 
the three of lowest and the three of highest infectivity were compared (Table IV). 


TasLe IV.—Relative Proportions of Purine and Pyrimidine Bases in the RNA 
Isolated from Partially Purified Rous Sarcoma Virus of Low and High 


Infectivity 
Number of _ Infectivity Guanine Cytosine Uracil A+U +8.D 
observations M.I1.D./g Adenine + 8.D. + 8.D. + 8.D. G+C wi 
3 1-00 1-9540-05 . 1-5940-09 . 0-87+40-07 . 0-53+0-02 
3 105-3-108-3 1-00 . 1°8640-19 . 1°6540-09 . 0-8340-05 . 0-53+0-04 


The ratios of adenine + uracil to guanine + cytosine were the same in both 
cases and there was no evidence of any change in the relative proportions of 
nitrogenous bases being involved at different levels of infectivity. 


DISCUSSION 


The positive correlation between RNA content and infectivity (Fig. 1) is not 
a simple proportionality, but involves an approximate doubling of RNA content 
for a 2 x 10° increase in infectivity. If the RNA content of the lipid-free 
material only is considered the slope of the regression line then becomes smaller 
and a doubling of RNA content occurs for a 40-fold increase in infectivity. These 
correlations are statistically significant in spite of a wide variation in the amounts 
of RNA present in the extracts at each level of infectivity. It appears, then, 
that although the partially purified preparations of virus used in this work may 
not be as pure as those used in other fields, it is still possible to pick up changes in 
gross chemical composition and relate them to a biological function such as 
infectivity. 

The relative importance of the lipid portion of the virus is not clear. The 
extreme sensitivity of Rous virus to organic solvents is well known and Claude 
(1939) was the first to suggest that the aldehyde properties of the lipid fraction 
may play a part in the spontaneous and rapid inactivation of the agent. Recently 
Moloney (1957) was able to show that oxidation products of Rous tumour lecithin, 
microsome lipids and methyl linolate would inhibit infectivity of Rous virus, 
especially in phosphate buffer. A tendency towards increasing lipid content in 
preparations of low infectivity did appear to be present in the observations made 
here but the variation was extremely great and the tendency was not significant 
(Tables I and It). 

. The importance of nucleic acid to the infectivity and growth of viruses of all 
types has been emphasized in recent years and in the case of the bacteriophages, 
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it is almost certain that only the nucleic acid is involved in their intracellular 
multiplication (Hershey and Chase, 1952). Tobacco Mosaic virus too has received 
considerable attention and Gierer and Schramm (1956) presented evidence that 
RNA from phenol extracted Tobacco Mosaic virus possesses a definite, though 
transient, infectivity. Reports from various laboratories have confirmed that 
it is possible to degrade the virus into native protein and nucleic acid and under 
the right conditions to mix the parts and obtain a significant rise in infectivity 
(Schramm, 1947; Fraenkel-Conrat and Williams, 1955; Lippincott and 
Commoner, 1956 ; Commoner e¢ al., 1956). Whether this phenomenon is due to 
actual re-assembly of non-infective components into infective virus or is brought 
about by the removal of inhibitors or stabilization of otherwise labile infective 
fragments is open to question (Bawden and Pirie, 1957). In any case these 
experiments all point to the essential condition of nucleic acid integrity for 
biological activity of the viruses so far studied in this respect. 

It was disappointing, therefore, to find no evidence of specificity in the purine 
and pyrimidine ratios in any of the partially purified virus or cytoplasmic particle 
extracts studied, even when the tumours were of different types (i.e. spindle-cell 
sarcoma and myeloid tumour). If there are small differences they may be masked 
by the wide variability of the results. This variability, in turn, may be due either 
to enzymatic degradation or to the presence of more than one type of RNA with - 
different proportions of nitrogenous bases. Colter and Brown (1956) showed that 
the RNA obtained from the cytoplasm of Ehrlich ascites cells by phenol extraction 
has two main components of different molecular weights which can be separated 
in the analytical ultracentrifuge, or by precipitation with 1 mM NaCl. The high 
Molecular weight component also appears to be heterogeneous and the base 
ratios of the low and high molecular weight components are quite different 
(Brown et al., 1957). It may be necessary, therefore, to fractionate the RNA 
from tumour virus concentrates in order to show any differences in molecular 
composition between preparations from different sources. 

Care was taken in these experiments to select tumours of rapid and constant 
growth rates. It is unlikely, therefore, that the increase in RNA content seen 
in the Rous virus preparations of high infectivity is simply a reflection of an 
increased growth rate of the host tumour. Because of the readiness with which 
Rous virus becomes inactivated, care was taken to ensure that the least possible 
time elapsed between the sacrifice of the bird and the titration of the final centri- 
fuged pellet. An approximately constant time of five hours was allowed for 
processing of the tumour extracts from the death of the bird to the titration of 
tumour infectivity. The partially purified extract was frozen for storage 
immediately before the titration was done. 

It would be dangerous at the present time to be too dogmatic about the reasons 
for the higher RNA content in extracts of high infectivity. However, the work 
of Epstein (1956, 1957) in correlating infectivity with the increase in a specific 
type of morphologically distinct particle in Rous ascites cells is provoking. These 
particles have the usual physical characteristics associated with animal viruses, 
namely, a single or sometimes double outer membrane, a viroplasm and an inner 
membrane surrounding an electron dense nucleus. Similar particles have been 
seen by Gaylord (1955) and Bernhard, Oberling and Vigier (1956) in the cytoplasm 
of Rous cells or in the inter-cellular spaces. There is some evidence that such 
virus-like particles may be present in normal fowl tissues but in much reduced 
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numbers as compared with malignant cells (Rouiller, Haguenau, Golde and Lacour, 
1956; Benedetti, Bernhard and Oberling, 1956). The presence of virus-like 
bodies has also been reported in normal chick embryo tissue culture cells (Gey 
and Bang, 1951; Bang, 1952; Gey, Bang and Gey, 1954). However, the biolo- 
gical correlation observed by Epstein helps to implicate particles of this type in 
in the formation of tumours and may explain, at least in part, the rise in RNA 
level observed in the experiments reported here. Although Bernhard, Oberling 
and Vigier (1956) were able to find only a few obvious virus-like particles in their 
partially purified Rous virus pellets, the relatively large amount of electron- 
dense material in the nucleus may indicate a higher level of nucleic acid in these 
particles than in the surrounding microsomal material. Thus their contribution 
to the total RNA percentage may be enough to account for the observed changes 
with infectivity. 


SUMMARY 


Thirty-three partially purified Rous No. 1 sarcoma virus preparations were 
examined for RNA content, lipid content and infectivity. A highly significant 
positive correlation was found to exist between the percentage RNA of the whole 
preparations and their infectivity (r = 0-643 for 31 degrees of freedom). A 
significant positive correlation also existed between infectivity and the RNA 
content of lipid-free virus preparations (r = 0-529 for 31 degrees of freedom). 
No significant correlation was found between lipid content and infectivity although 
a tendency towards a lower lipid content in preparations of high infectivity did 
occur. 

The amounts of RNA in the Rous virus preparations were between 0-62 and 
1-84 per cent. The amounts of lipid were between 23-4 and 60-4 per cent. All 
the virus and particulate preparations from the tumours studied contained 
similar amounts of RNA and lipid to those found in the Rous preparations. 

The molecular proportions of purine and pyrimidine bases were determined in 
the RNA isolated from the virus preparations from different fowl tumours as 
well as from the corresponding particulate fraction, from non-virus associated 
tumours and normal tissues. The ratios adenine + uracil/guanine + cytosine 
for the various samples showed no significant differences between any of the malig- 
nant or normal fowl tissues studied. Neither did the ratios adenine + cytosine/ 
guanine + uracil, nor the ratios of purines to pyrimidines. When RNA from 
Rous virus preparations of high and low infectivity were examined for purine 
and pyrimidine composition it was again impossible to detect any differences 
between either the proportions of individual bases or the ratio adenine + uracil/ 
guanine + cytosine. 

The above results are discussed in relation to the work on other viruses and the 
special difficulties with tumour viruses. 


All expenses in connection with this work were borne by the British Empire 
Cancer Campaign. 


REFERENCES 

Apa, G. L., anp Perry, Bevertey, T.—(1955) Nature, 175, 209.—(1956) J. gen. 
Microbiol., 14, 623. 

Bane, F. B.—(1952) Ann. N.Y. Acad. Sci., 54, 892. 


43 
Ly 
fe 
3 


INFECTIVITY AND RNA CONTENT OF ROUS VIRUS 


Batuer, R.—(1953) Brit. J. Cancer, 7, 492.—(1957) Ibid., 11, 611. 

BawDkEN, F. C. anp Prriz, N. W.—(1957) J. gen. Microbiol., 17, 80. 

Benepetti, E. Lucio, Bernnarp, W. anp OsErRLING, Cx.—(1956) C.R. Acad. Sci., 
Paris, 242, 2891. 

BERNHARD, W., OBERLING, Cu. AND VicrIER, Pu.—(1956) Bull. Ass. frang. Cancer, 43, 
407. 

Brown, R. A., Davies, M. C., Courer, J. Locan, J. B. anp Krircuevski, D.— 
(1957) Proc. nat. Acad. Sci., Wash., 43, 857. 

CLAUDE, A.—(1939) Science, 90, 213. 

Cotter, J. 8S. anp Brown, R. A.—({1956) Ibid., 124, 1077. 

Commoner, B., Lippincott, J. A., SHEARER, Grorois, B., Ricuman, ELLEN E. anpD 
Wu, J1a-Hs1.—(1956) Nature, 178, 767. 

Exson, D. anp Cuarcarr, E.—(1954) Ibid., 173, 1037. 

Epstetn, M. A.—(1956) Brit. J. Cancer, 10, 33.—(1957) Ibid., 11, 268. 

FRAENKEL-Conrat, H. anp Wiiiiams, R. C.—(1955) Proc. nat. Acad. Sci., Wash., 
41, 690. 

GayLorp, W. H.—(1955) Cancer Res., 15, 80. 

Gey, G. O. anv Bane, F. B.—(1951) Trans. N.Y. Acad. Sci., 14, 15. 

lidem anv Gry, M. K.—(1954) Ann. N.Y. Acad. Sci., 58, 976. 

GrerRER, A. AND ScoramMM, G.—(1956) Nature, 177, 702. 

Hersuey, A. D. anp Cuase, M. J.—(1952) J. gen. Physiol., 36, 39. 

Lippincott, J. A. anp ComMoNnER, B.—(1956) Biochim. biophys. Acta, 19, 198. 

Motoney, J. B.—(1957) J. nat. Cancer Inst., 18, 515. 

ParKER, R. C. anp Rivers, T. M.—(1936) J. exp. Med., 64, 439. 

Rover, C., Hacuenavu, F., Gotpz, A. anp Lacour, F.—(1956) Bull. Ass. frang. 
Cancer, 43, 10. 

Scuramm, C.—(1947) Z. Naturforsch., 2b, 249. 

UHLER, MARIANNE AND Garb, S.—(1954) Nature, 173, 1041. 


THE MYELOMA GLOBULINS 


R. J. MCCONNELL N. H. MARTIN 
From the Department of Chemical Pathology, St. George’s Hospital, London, S.W.1 


Received for publication March 28, 1958 


Ever since Macfarlane (1935) examined in the ultracentrifuge the sera of two 
patients suffering from myelomatosis and demonstrated the presence of abnormal 
globulins in one, the plasma protein disturbances in this disease have been the 
subject of physico-chemical analysis. 

Kekwick (1940) examined sera from five patients and found in one, as Macfar- 
lane had found, components not found ordinarily in the sera from normal persons. 
In addition he examined the sera by the Tiselius technique of electrophoresis 
and observed that the specimen which contained the abnormal components by 
ultracentrifugal analysis contained an excess of # globulins, whereas the other 
sera in which no abnormal components were demonstrated, contained excesses of 
y globulins. 

Kekwick used salt fractionation to isolate both the myeloma # and y globulins 
and compared them with preparations of normal y globulin. 

Similar behaviour was observed in one serum examined by Putnam and Udin 
(1953) using a variety of techniques for the isolation of the globulins. 

Kekwick (1940) and, later, Smith, Brown, McFadden, Buettner-Janusch and 
Jager (1955) using the orcinol technique, found that the # myeloma globulins 
they examined contained more carbohydrate than the y myeloma globulins, and 
differed in their iso-electric point. Smith and his associates (1955) suggested that 
this difference might be associated with variations in hexuronic acid. 

In 1954 Kekwick and Mackay described a detailed procedure for low tempera- 
ture bulk fractionation of serum proteins using ether. The method was primarily 
designed to separate y globulins with minimal disturbance of their physico- 
chemical behaviour and biological activity. 

In the following investigation of the myeloma globulins, isolation from the 
original serum samples was achieved by adapting the Kekwick and Mackay 
procedure to small quantities. 

The globulins separated have been compared with y globulin from pooled 
normal serum prepared in the same way. 


CLINICAL MATERIAL AND ANALYTICAL METHODS 


Eight patients were selected from a larger series, who had been under careful 
clinical observation for some time. Repeated electrophoretic analyses of their 
sera showed consistent individual abnormalities. Fresh blood samples were 
drawn from the antecubital veins of the selected patients without occlusion. 
Twenty to thirty ml. of blood was collected into sterile glass bottles and allowed 
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to clot at 2° C. and the serum stored at — 2° C. The patients were fasted for 
twelve hours before the collection and were at complete rest. 


Fractionation procedures 

In essential principles, the procedures adopted were those described in detail 
by Kekwick and Mackay (1954). 

Since the starting material was serum and not citrated plasma the initial 
step precipitating fibrinogen was omitted, and the crude globulins precipitated 
from a solution adjusted to pH 5-5-5-7, J = 0-038 by the addition of 18-5 vol. % 
of ether at — 3-5°. These globulins were then redissolved at pH 4-0 in acetate- 
phosphate buffer, brought to pH 6-0 at an ionic strength 0-01 at 0° C, and repre- 
cipitated by addition of ether concentration between 9-18 vol.°% depending upon 
the characteristics of the particular globulins, with the temperature reduced to 
— 3-5°. Kekwick and Mackay (1954) show that the composition of the precipitate 
of # globulins from normal serum is particularly sensitive to varying concentrations 
of ether. The same sensitivity to ether was observed in the range of globulins 
separated from myeloma sera. 

The fractionation of myeloma sera rich in y globulins by the technique of 
Kekwick and Mackay, on the small scales dictated by the amount of material 
available, gave yields of the final product that were often very poor, sometimes 
falling as low as 18 per cent of the calculated total y globulin content of the original 
serum, compared with 80 per cent from samples of normal serum. 

In order to increase the yield by reducing manipulation and, avoiding loss of 
y globulin to other fractions, a one-stage fractionation procedure was attempted, 
modelled on the technique of Kekwick and Mackay. It was felt that this step was 
justified because of the grossly abnormal distribution of proteins in the serum of 
patients suffering from myelomatosis. 

The procedure consisted of diluting the fresh serum at 0° C. to a protein 
concentration of 0-3 g./100 ml. with sodium phosphate buffer pH 7-0 ionic strength 
0-05. Ether was then added slowly, the temperature at the same time being 
lowered to — 3-5° C., until an ether concentration of 18-5 vol. had been reached. 
The precipitate which formed was then collected by cold centrifugation. 


Electrophoretic measurements 
(a) To conserve material, analysis of samples obtained during microfractionation 
was carried out by filter paper electrophoresis as described by Franglen (1953). 
(6) The starting material and the final product were analysed in the Tiselius 
apparatus (1937) at 0°. Samples for analysis were dialysed to equilibrium at 2° 
against phosphate buffer pH 8-0 7 = 0-2. 


Ultracentrifugal analysis 

Dialysed samples in sodium phosphate buffer pH 8-0, J = 0-2 in 0-15 M sodium 
chloride were subjected to 240,000 g. in the Svedberg oil turbine centrifuge. The 
protein concentration of the solution was computed from nitrogen estimations 
using a conversion factor of 6-24. Sedimentation coefficients were computed by 
the method of Cecil and Ogston (1948). The slope was calculated, using the method 
of least squares, from the regression of the distance moved against time with a 
correction for the viscosity of the solvent calculations from five or more measure- 
ments given to two places of decimals. 
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Determination of pH 

A bench type Cambridge Instrument Company pH meter was used with a 
saturated potassium chloride sleeve anode and a two-drop sealed glass micro- 
cathode. A 0-05 m potassium phthalate solution (British Standards, 1950) was 
used to standardize the meter at pH 4-0. 


Nitrogen estimations 
These were made in duplicate by the microkjeldahl procedure. 


Carbohydrate estimations 
These were measured by the procedure of Sorensen and Haugaard (1933). 
The standards used contained equal weights of galactose and mannose. 


Cholesterol estimations 
These were made by the micro-method of Schoenheimer and Sperry (1934) 
as modified by Sobel and Mayer (1945). 


RESULTS 


The results are given in tabular form. Table I shows the age and sex of each 
patient, together with the serum protein levels in g./100 ml., the percentage 
composition of the proteins by electrophoretic analysis and the principal compo- 
nents observed by ultracentrifugal analysis. Minor components visible on ultra- 
centrifugal analysis of the whole serum are recorded in brackets. 


TaBLeE I.—Analysis of Whole Sera 


Electrophoretic analysis 
mean of ascending and Ultracentrifugal analysis 


descending pattern of a 1% solution S,,.W 
fa A a of components observed 
Total Albumin Globulins (Minor components 
serum Percent of Percent of in brackets) 
proteins total total protein i 
Patient Sex Age g-/100 ml. protein Albumin Globulins 
a Y 
L— M. 57 9-8 39 5 10 46 4-45 8-76 
Br— . ee 68 10-6 24 6 68 2 4-37 8-06 (7-31) 
M— a 75 8-4 29 3 68 1 4-22 5-8 (7-7) 
G— sa 40 8-8 28 13 52 7 3-92 6-41 
Cc— 59 9-9 21 8 63 7 4-2 8-2 (6-3) 
B— - 43 11-4 31 6 8 55 3-81 6-02 
H— an 66 8-9 17 8 11 64 4-2 6-51 
K— os 40 11-8 27 5 10 58 4-0 6-51 


Figures in brackets are minor components identifiable. 


It will be seen that in every instance there was a significant increase either in 
the £ or the y globulins, and that the ultracentrifugal analysis of the fresh material 
indicated that the molecular species ranged from 8,,W 3-92—5-45 to S,,W 6-02-8-74. 

‘In order to isolate the individual proteins from the sera of these patients, it 
was necessary to vary the conditions of precipitation according to the electro- 
phoretic analysis of the original material. The final conditions used, the yield, 
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the purity by electrophoresis, and the sedimentation coefficient of the globulins 
obtained, are shown in Table IT. 


TABLE II.—Conditions of Precipitation, Yield, Purity and Sedimentation Coefficient 
of Myeloma Globulins 


Conditions of precipitation Yield as 
of globulin at percentage 
— 3-5° buffer of original . 
A calculated from Purity from 
electrophoretic electrophoretic 


co 


Tonic Ton 
Patient species 
H—. 
L— . 
B— . 
K—. 
Br—. 
M—. 
G— . 
. 


AAA 
sessssse 


In five instances sufficient globulin was obtained by fractionation of the original 
serum samples to determine the S,,W at a number of protein concentrations. 
These are shown by the full circles in the graphs B—, M—, K—, G—, C— (Fig. 
1-5) ; the dotted line in cach graph gives the variation of S,,W with concentration 
for y globulin prepared from normal human serum by the technique of Kekwick 
and Mackay (1954). The sample used was considered to be not less than 97 per 
cent pure by moving boundary electrophoresis. 

The sedimentation constant at infinite dilution S°,,W may be calculated by 
extrapolation. Table III gives the K values obtained if the linear realtion implied 
by the formula 8°,,.W = S,,.W + Keis assumed. Recently, Caspary and Kekwick 
(1957) have shown that for fibrinogen the relation of S,,.W to concentration is not 
linear below 0-15 g./100 ml. The globulins examined are arranged in ascending 
order of increasing sedimentation coefficient with the calculated S°,,W for each 
globulin. 


Taste III 
Isolated myleoma globulin 


R 
° 


* Normal y obtained by ether fractionation 
t Normal y obtained by convection electrophoresis 


t Cann, J. R. (1953) J. Amer. chem. Soc., 75; 4212. 
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The value for the partial specific volume used in these calculations was 0-74, 
derived from the measurements of Oncley, Scatchard and Brown (1947) on normal 
proteins of similar mobilities. In the calculation of sedimentation values the partial 
specific volume term in the equation becomes increasingly important at high 
concentrations, and a difference from the assumed value produces greater errors. 


conc, analysis analysis 
vi/v% the serum (%) W 
18-5. 18 ‘ 6-51 
18-5. 51 100 8-74 
18-5. 62 80 6-13 
18-5. 103 ‘ 96 ‘ 6-15 
petate 11 84 100 8-45 
ll 50 ‘ 90 5-63 (7-68) 
” 13 92 80 5-90 
16 87 90 8-0 
K value 
0-73 
0-25 
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1 
05 1-0 
Protein concentration ¢,/ 100ml. 


Fic. 1.—Graphical representation of variation of S8,,W with protein concentration of the 
globulin isolated from patient B—. 
The open circles represent the individual calculations. The broken line represents the 
variation of S,,W with concentration for y globulin prepared from normal human serum 
by the technique of Kekwick and Mackay (1954). 


Q 
1-0 
Protein concentration ¢/100 ml. 


Fic. 2.—Graphical representation of variation of S,,W with protein concentration of the 
globulin isolated from patient M—. 
The open circles represent the individual calculations. The broken line represents the 
variation of 8,,W with concentration for y globulin prepared from normal human serum by 
the technique of Kekwick and Mackay (1954). 
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0-5 0-75 
Protein concentration §,/100 ml. 


Fic. 3.—Graphical representation of variation of S8,,W with protein concentration of the 
globulin isolated from patient K—. 
The open circles represent the individual calculations. The broken line represents the 
variation of S,,W with concentration for y globulin prepared from normal human serum by 
the technique of Kekwick and Mackay (1954). 


1 
05 1-0 
Protein concentration ¢/100ml. 


Fic. 4.—Graphical representation of variation of 8,,.W with protein concentration of the 
globulin isolated from patient G—. 
The open circles represent the individual calculations. The broken line represents the 
variation of S,,W with concentration for y globulin prepared from normal human serum by 
the technique of Kekwick and Mackay (1954). 
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In this series, measurements above a protein concentration of 1-5 g./100 ml. 
have not been recorded. 


05 
Protein concentration g/100ml. 


0 


Fic. 5.—Graphical representation of variation of 8,,W with protein concentration of the 
globulin isolated from patient C— 
The open circles represent the individual calculations. The broken line represents the 
variation of 8,,W with concentration for y globulin prepared from normal human serum by 
the technique of Kekwick and Mackay (1954). 


Values for partial specific volume could be altered by the presence in the 
molecule of bound lipid, including, cholesterol or bound carbohydrate. In Table 
IV estimations of the carbohydrate content of the purified globulins are given 
in g./100 g. protein with, in four instances, the cholesterol content in g./100 g. 
protein. 


4 


Taste IV.—Carbohydrate and Cholesterol Content of the Purified Globulins 


Carbohydrate Cholesterol 
g./100 g. protein level in serum 
isolated globulin mg./100 ml. 


170 
128 

66 
160 


212 
170-280 


Normal 
Standard used /mannose 


Fig. 6 shows the electrophoretic and ultracentrifugal analysis of serum B in 
which y globulin predominated, and of the globulin isolated from the serum. 

Fig. 7 shows the electrophoretic and ultracentrifugal analysis of serum C in 
which f globulin predominated and of the globulin isolated from the serum. 
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Fig. 8 shows a f globulin isolated from another serum P, and illustrates the 
neterogeneity which may be observed in ultracentrifugal analysis, an observation 
first reported by Macfarlane (1935). 


Serum B Globulin B 


Electrophoretic analysis 


Ultracentrifugal analysis 


Fic. 6.—Electrophoretic and ultracentrifugal analysis of the serum from patient B— and of 
the globulin isolated from the serum sample. 


Serum C Globulin C 


Electrophoretic analysis 


Ultracentrifugal analysis 


Fic. 7.—Electrophoretic and ultracentrifugal analysis of the serum from patient C— and of 
the globulin isolated from the serum sample. 


DISCUSSION 


Since the early electrophoretic analysis of myeloma sera by Jersild and Pedersen 
(1938), Longsworth, Shedlovsky and MacInnes (1939) and Kekwick (1940) it 
‘as become increasingly popular to group patients suffering from myelomatosis 
‘ ceording to the electrophoretic pattern of their sera (Wuhrmann, Wunderly and 
‘tugentébler, 1949; Reiner and Stern, 1953; and Griffiths and Brews, 1953). 
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Serum P 


Electrophoretic analysis 


Ultracentrifugal analysis 


Fic. 8.—Globulin isolated from the serum of patient P—; showing heterogeneity 
by ultracentrifugal analysis. 


About 80 per cent of all patients suffering from myelomatosis show significant 
alterations in their serum protein pattern, and of these 90 per cent have abnorma- 
lities confined to the “ #” or “‘ y ” region. 

Of the eight patients selected forstudy from our total series, four fell into the 
“ 8 globulin ” group and four into the “ y globulin ” group. 

The four from the y globulin group were all fractionated under similar conditions 
of ionic strength and ether concentration. The four sera from the f globulin 
group required varying ether concentrations ranging from 11% vol. up to 16% 
vol. to produce effective precipitation. Kekwick (1940), using sodium sulphate 
fractionation to analyse three myeloma sera, found that for effective separation 
of the globulins the salt concentration had to be altered for each serum. 

In order to obtain the maximum yield of electrophoretically pure globulin 
from each serum sample, the isolation procedures had to be modified slightly 
from one patient to the next, though the original electrophoretic analysis of the 
serum might suggest that the patient’s proteins fell into the same group. This 
suggested to us that we were dealing with a range of proteins having modifications 
of individual structure sufficient to alter their precipitating characteristics. 

The sedimentation concentration slopes of the four patients K—, B—, M— 
and G—, show variation even though S°,,W obtained by extrapolation is close 
to the S°,,W obtained for normal y globulin isolated by the same technique. 

Though we have calculated the straight line drawn through the observed points 
by the method of least squares, and also the K values for the respective globulins 
shown in Table IV, we prefer to present the observed points in graphical form 
for comparison with normal y globulin. We suggest, whatever the value of K 
may mean, that it is evident that one is dealing with a group of globulins whose 
‘‘ Sa9W concentration dependence ” gradually increases through the series from 
BRB whose slope on inspection is not markedly different from normal y, to C—, 
whose slope is certainly significantly different. 
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As noted, while K—, B—, G— and M— all had S°,,.W values of the order of 
6-6, and appeared, therefore, to fall into the first group of Kekwick (1940) and 
Putnam and Udin (1953), the slope of “ concentration dependence ” of M— is 
greater than that of K— and B—. Variations in “ concentration dependence ” 
are commonly ascribed to variation in shape, the effect being most marked with 
highly asymmetric molecules. If this is correct, the sedimentation concentration 
studies described here further suggest that we are dealing with a continuous 
spectrum of globulins of increasing asymmetry. 

Miiller-Eberhard and Kunkel (1956) give hexose/protein ratios for myeloma 
globulins ranging from 6-8 mols./mol. to 26-0 mols./mol. They give for comparison 
a value of 10-5 mols./mol. for normal y globulin. They observed that with one 
striking exception the “f globulins” gave higher hexose values than the y 
globulins. 

Table IV shows hexose/protein ratios as g./100 g., the protein value being 
derived from nitrogen estimations, no assumptions being made of molecular 
weight. This data is not, therefore, strictly comparable with that of Miiller- 
Eberhard and Kunkel, though, in so far as one can make comparisons, there is 
general agreement. Since it is common modern practice to concentrate protein 
solutions by freeze drying, the effect of freezing and thawing on three samples 
was examined. The values for the carbohydrate bound to globulin from fresh 
preparations are compared with those treated by freezing and thawing (Table V). 
It appears that the procedure lowers the amount of “ bound ”’ hexose but that 
there is a residual “ hard core” of hexose which remains bound and that the 
amount of this is still somewhat above the levels of normal y globulin. It may 
be that neglect to differentiate the loosely bound and tightly bound hexose 
explains some of the discrepancies in the literature. Lea, Rhodes and Borrell 
(1952) during their investigation of the interaction of glucosamine with casein 
have noted the apparent structural re-organization of the glucosamine molecule 
in the presence of dried protein and though their materials and procedures differ 
markedly from ours, their observations do indicate that it is not safe to assume 
that freeze drying produces no important structural change in conjugated pro- 
teins. The cholesterol values form no consistent pattern and the few values given 
seem to fluctuate with the total level of cholesterol in the serum. 


TaBLeE V.—The Effect of Excessive Freezing and Thawing 
After re 
freezing and thawi 
Carbohydrate/ 
globulin ratio 


A detailed study of seventy-five cases of myelomatosis in this laboratory 
suggests that the arbitrary division of myelomatosis on electrophoretic analysis 
has no value in prognosis or in the selection of treatment. The results in this 
paper from the eight cases selected for a more detailed examination of their serum 
globulins, suggest that the myeloma globulins represent a range of proteins 
differing progressively in their asymmetry and in their carbohydrate content. 
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The evidence suggests that a portion of the carbohydrate is not an integral part 
of the molecule. It is possible that increasing asymmetry results in a change 
in solubility characteristic of the individual globulins. In myelomatosis the deposi- 
tion of amorphous protein containing material resembling amyloid is often noted 
round small blood vessels and in the tissues, it seems likely that the increase in 
asymmetry of the myeloma globulin may play a part in this protein deposition. 


SUMMARY 


(1) Freshly drawn sera from eight patients suffering from myelomatosis have 
been fractionated by the cold ether technique and the globulins isolated compared 
with normal gamma globulin isolated by the same technique. 

(2) Sedimentation concentration dependence studies on five of the globulins 
indicate alterations in molecular form. 

(3) Carbohydrate estimates on the isolated globulins demonstrate deviations 
from normal and deviations within the group analysed. No comparable deviations 
were noted in cholesterol content. 


Our thanks are due to the British Empire Cancer Campaign who defrayed part 
of the cost of this investigation. 


REFERENCES 


Caspary, E. A. anp Kexwicxk, R. A.—(1957) Biochem. J., 67, 62. 

R. anp Oeston, A. G.—(1948) Ibid., 43, 592. 

Francien, G. T.—(1953) J. clin. Path., 6, 183. 

Grirritus, L. L. anp Brews, V. A. L.—(1953) Ibid., 6, 187. 

JERSILD, M. anD PEDERSEN, K. O.—(1938) Acta. path. microbiol. scand., 15, 426. 

Kexwick, R. A.—(1940) Biochem. J., 34, 1248. 

Idem and Mackay, M. E.—(1954) Spec. Rep. Ser. med. Res. Coun., Lond., No, 286. 

Lxa, C. H., Ruopss, D. N. anp Borreti, H.—(1952) Nature, 169, 798. 

Lonesworth, L. G., SHepDLovsKy, T. anpD MacInnzs, D. A.—(1939) J. exp. Med., 70, 
399. 

Macraruane, A. 8.—(1935) Biochem. J., 29, 1175. 

F. anD KunKEL, H. G.—(1956) J. exp. Med., 104, 253. 

Onctey, J. L., Scarcuarp, G., anD Brown, A.—(1947) J. phys. Chem., 51, 184. 

Putnam, F. W. anp Upry, B.—(1953) J. biol. Chem., 202, 727. 

Retner, M. anv Stern, K. G.—(1953) Acta. Haemat., 9, 19. 

ScHOENHEIMER, R. anp Sperry, W. M.—(1934) J. biol. Chem., 106, 745. 

Smita, E. L., Brown, D. M., McFappen, M. L., Burttrner-Januscu, V. AND JAGER, 

B. V.—(1955) Ibid., 216, 601. 

Sopet, A. E. anp Mayer, A. M.—(1945) Ibid., 157, 255. 

SorensEN, M. anp Haveaarp, G.—(1933) Biochem. Z., 260, 247. 

TisEtius, A.—(1937) Trans. Faraday, Soc., 33, 324. 

Wouuemann, F. H., Wunperty, C. anp Hucentésier, F.—(1949) Dtsch. med. Wsch., 


16, 481, 


2 
a 
ay 
3 


THE URINARY EXCRETION OF METABOLITES DURING 
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In the literature it has been shown that in cancer patients metabolic changes 
occur during irradiation or treatment with cytotoxic drugs (Eliél et al., 1950; 
Homburger, Bonner and Fishman, 1952 ; Fenninger, Waterhouse and Kentmann, 
1953 ; Spencer, Greenberg and Laszlo, 1954 ; Sandberg, Cartwright and Wintrobe, 
1956 ; Krakoff, 1957). 

The disappearance of tumour tissue will be accompanied by an increased 
excretion of metabolites derived from this tissue, unless the utilization of these 
metabolites in other tissues is accelerated. This means, if tumour tissue disappears 
during radiological or chemical treatment the urinary excretion of the quanti- 
tatively most important cell metabolites (phosphate, nucleic acids, potassium and 
nitrogen) will probably be increased. In that case the duration and the extent of 
the increase of excretion of metabolites will depend on the amount of tumour 
loss and on the rate of tumour destruction. The most marked metabolic effect 
can be expected in leukaemic patients since during radiological or chemothera- 
peutical treatment enormous amounts of tumour tissue can disappear in a short 
time. In fact, the metabolic changes will probably reflect the rate of cell destruc- 
tion and the total amount of tumour loss, provided the different metabolites are 
not utilized in other tissues. The urinary excretion of the above-mentioned meta- 
bolites were therefore investigated for periods of 25 to 50 days during radiological 
treatment of 5 leukaemic patients and 3 cancer patients who were on a standardized 
diet. In these experiments a quantitative relationship is shown between the total 
loss of tumour tissue and the excess excretion of the metabolities. 


METHODS 

Two patients with chronic myeloid leukaemia, 3 patients with chronic lymphoid 
leukaemia, 2 patients with metastasized carcinoma and | patient with meta- 
stasized reticulosarcoma received an accurately standardized diet of 2000-2500 
calories a day, which was poor in protein, purines and calcium. The average 
uptake amounted to 600 mg. P, 40 mM K, 200 mg. Ca and 3000 mg. N a day. 

The following determinations were made on the 24-hours urine : creatinine 
by means of the method of Jaffé, modified by De Vries and Van Daatselaar 
(1955) ; urea according to a micro-aeration method with urease ; calcium by a 
photometrically performed micro-titration with EDTA (Complexon III) using 
murexide as an indicator; sodium and potassium by flame photometry ; uric 
acid according to the method of Folin, modified by De Vries and Van Daatselaar 
(1955) ; inorganic phosphate with molybdic acid. All these methods are described 
in Gorter and De Graaff (1955). The urinary excretion of creatinine was determined 
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in order to check that no urine had been accidentally discarded during the day. 
The above-mentioned components were also measured in the serum of the patients 
once a week. The rectal temperature was taken three times a day; the course 
of the rectal temperature in the graphs represents the highest readings of each 
day. The body weight was measured exactly at the same time of the day and in the 
same conditions three times a week. 

In 2 leukaemic patients and in the 2 patients with metastasized carcinoma 
the faecal excretion of nitrogen, phosphate and calcium was investigated. 

All the patients received X-ray irradiation ; the 5 leukaemic patients received 
irradiation of the spleen with a total skin dose between 550 and 1475 r (240 kV, 
0-85 mm. Cu + 1 mm. Al, FS distance 50 cm.). Mrs. B—, with metastasized 
mammary carcinoma, received a total tumour dose of 3200 r (overall:time 22 
days) on a presternal metastasis. Mrs. O— received about 2500 r in 29 days 
(4 fields, beam directed) on a vaginal metastasis from an operated corpus uteri 
carcinoma. Mr. Gl— received a tumour dose of about 2500 r in 22 days on a 
mediastinal metastasis from a reticulum-cell sarcoma of the nose. The X-ray 
irradiation was only started if a reasonably stabilized level of excreted metabolites 
had been reached. Only in the first leukaemic patient, Mr. de V—, did the pretreat- 
ment period have to be curtailed, because this patient produced signs of a transient 
aphasia probably caused by cerebral leukaemic infiltrations. In 2 leukaemic 
patients it was possible to continue the observation time long enough to reach a 
stabilized post-irradiation excretion. 


RESULTS 


In five leukaemic patients (2 with chronic myeloid leukaemia and 3 with 
chronic lymphoid leukaemia) the spleen was irradiated and in three cancer 
patients metastasized tumours were irradiated with X-rays (see Methods). In 
the leukaemic patients the number of leucocytes fell to a much lower level and 
the spleen and liver appreciably decreased in size. In the 2 patients with meta- 
stasized carcinoma no measurable decrease of tumour tissue could be observed, 
but in the patient with reticulum cell sarcoma a marked decrease of the mediastinal 
swelling was seen. In Table I the figures are given of the changes of the urinary 
excretion of phosphate, uric acid, potassium, sodium, calcium, urea and creatinine. 
The column “ metabolic changes during treatment” comprises the period of 
treatment together with the next period of increased excretion of metabolites. 
In the first 2 cases the time of investigation was prolonged till a new equilibrium 
could be observed ; this is called “ period of stabilization”. In Mr. P— nearly 
the whole period of metabolic change was observed ; in 3 patients (Mrs. Z—, 
Mrs. v. D— and Mr. Gl—) the largest part of this period has been taken into account 

In Fig. 1 the figures of our 5 leukaemic patients are graphically shown. It 
appeared that a decrease in the leucocyte count and in the spleen size was accom- 
panied by a rise of excretion of cellular metabolites, namely phosphate, uric 
acid, potassium and urea. The creatinine excretion was not affected in the same 
way but gradually declined. In all our patients the body weight fell also gradually. 

In 2 leukaemic patients (Mrs. M— and Mrs. v. D—) and in 2 cancer patients 
(Mrs. Br— and Mrs. O—) the faecal excretion of nitrogen, phosphate and calcium 
was determined. No appreciable changes of phosphate excretion were demon- 
strable and only small changes of nitrogen and calcium excretion were visible. 
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Therefore, as far as can be deduced from these facts, the rise of urinary excretion 
of metabolites is caused by an increased production. 
In the next paragraphs the following 3 relationships will be established : 
(1) A time-relationship between loss of tumour tissue and rise of the 


excretion of metabolites ; 
(2) a relationship between the estimated loss of tumour tissue and the 


total excess excretion of phosphate ; 
(3) a mutual relationship between the total excess excretions of different 


metabolites. 
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Fic. 1.—Changes of the urinary excretion of metabolites in 5 leukaemic patients during 
X-ray irradiation of the spleen. 


(1) Time-relationship 

A close time-relationship appeared to exist in the leukaemic patients between 
the onset and termination of the rise of excreted metabolites and the onset and 
termination of the fall of leucocytes. In 4 patients the phosphate and uric acid 
excretion started to rise on the second day of the irradiation to the spleen ; in the 
5th patient (Mrs. M—) both started to rise on the first day. The percentage rise of 
the potassium and urea is smaller as compared with the phosphate and uric 
acid ; the onset of rise therefore is more difficult to establish. The same pattern 
may be seen at the termination of the rise of metabolite-excretion. In Mr. de V—, 
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Mrs. M— and Mr. P— the phosphate excretion returned to the pre-treatment 
level, when the amount of leucocytes stabilized at 22,000, 5,500 and 15,000 
respectively. The phosphate and uric acid excretion of Mrs. Z— and Mrs. v. D— 
still remained at an elevated level at the end of the observation period, but in 
both patients the fall of leucocytes continued (Fig. 1). In Mrs. Z— the leucocytes 
fell from 100,000 to 40,000 per mm.* during the following 10 days after the end of 
the observation and in Mrs. v. D— the leucocytes fell from 80,000 to 50,000 per 
mm.* during the following 4 days; 14 days later a level of 20,000 had been 


reached. 


(2) The total excess-excretion of phosphate 

According to Waterhouse, Terepka and Sherman (1955) and Rigas et al., 
(1956) 1 kg. of myeloid leukaemia cells contains about 3-3 g. of P and 1 kg. of 
lymphatic leukaemia cells contains about 4-7 g. of P. If the excess excretion of 
phosphate in the urine during the period of treatment is an index of the total 
mass of lost leukaemic tissue, this total volume can be estimated in our patients. 
In Table II the total excess excretions of phosphate during treatment as compared 
to the control period before treatment is calculated. From these figures the total 
volume of lost tumour cells in every patient was thus calculated. The phosphate 
content of the reticulum cell sarcoma was assumed to be similar to that of a 


lymphatic leukaemia. 


IT 
Excess excretion of P in the Calculated loss 
urine during period of of leukaemic 

metabolic changes cells 

Patients Diagnosis (mg.) (kg.) 
Mr.deV— Myel. leuk. (Total period) 13-800 4-2 
Mrs. M— ‘ 8-500 2-6 
Mrs. Z— . Lymph. leuk. ° (Largest part of period) 6-700 1-4 
Mrs. v.D— . 6-300 1-3 
Mr. P— (Nearly total period) 2-800 0-6 
Mr. Gl— Retic. sare. (Largest part of period) 2-200 0-5 


In the leukaemic patients the total loss of tumour cells from the body can 
roughly be estimated by the disappearance of leukaemic cells from the peripheral 
blood and the decrease in size of the spleen, liver and lymph nodes. Mr. de V— 
had, during the control period, about 600,000 myeloid leucocytes per mm.* in 
his peripheral blood and a hematocrit of white cells of 37 vol. per cent. In accord- 
ance with the increased blood volume in patients with essential polycythaemia 
the blood volume in this patient will be larger than normal. In Table III the estim- 
ated blood volume and the roughly estimated decrease of the volume of leucocytes 
of the peripheral blood are given. The estimated loss of leucocytes calculated 
from the excess excretion of phosphate is compared with the estimated loss of 
leucocytes from the peripheral blood. It appears that the decrease in the volumes 
of the spleen and liver sufficiently accounts for the difference between these two 
calculated volumes. In the 3 patients with lymphatic leukaemia only moderate 
enlargements and decreases of lymph nodes were observed. The decrease of 
mediastinal swelling in the patient with reticulo sarcoma (Mr. Gl—) might well 
amount to about half a kilogram. Therefore the total excess excretion of phosphate 
agrees satisfactorily with the estimated loss of tumour tissue. 
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in em. below 
of leuc. costal margin 
volume in leucocytes excretion iff. 
Patients Diagnosis (vol. %) (litre) 1000’mun.* (kg.) Spleen 

Myel. leuk. . 37 ° - 600-20 2 - 
18 250-5 . 15 . 25-18 
15 - 600-100. 0- - O6 . 24+17 

0 


. 350+80 16-12 
120+15 34 


(3) The mutual ratio between the excess excretions of metabolites 


In Table IV the total excess excretions of metabolites in the urine during the 
period of metabolic changes is calculated in grams and millimols. The level of 
the “‘ metabolic changes during treatment ”’ in the patients with myeloid leukaemia 
is compared with the level of the “ period of stabilization”, because especially the 
levels of uric acid and urea excretion in the “ control period ”’ were abnormally 
high. In the literature (see Discussion) the ratios between the different metabolites 
in tumour tissue in vitro have been described. It seemed therefore interesting to 
calculate the following 12tios from the excess excretions in our experiments : 
Mol P: mol uric acid, mol P: mol K, mol K : gram N (calculated from urea + 
uric acid + creatinine), mol urea: mol uric acid, gram N (from urea + uric 
acid + creatinine): gram P. The changes of calcium excretion were too insig- 
nificant to make corrections in the phosphate excretion necessary. The ratios 
mol P: mol uric acid and mol P : mol K appeared to be in reasonable agreement 
with the expected ratios ; the calculated excess excretion of N however, was too 
low. 


Taste IV.—Eacess Excretion of Metabolites in the Urine During the Period of 
Metabolic Changes 


Phosphate Uric acid Potassium Sodium 


Patients (gram) (mMol) (mMol) (gram) (mMol) (gram) (mMol) 
273 ‘ —148 
202 ‘ 291 
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Mr. 
Mrs 
Mrs 
Mrs 
Mr. 
Mr. 
N (urea + uric acid 
Urea Creatinine + creatinine) 
Patients (gram) (mMol) (gram) (mMol) (gram) (mMol) 
Mr.de V— . 189-0 3150 . —3-13 
Mrs. M— - 62-9 1050 . —1-+22 — 
Mrs. Z— 19-7 328 . —1-99 — ‘ 
Mrs. v.D— 53-3 887 —2-21 
Mr. P— . - 413-1 218 . —1-35 — — 
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TaBLE V.—Excess Excretion of Metabolites in the Urine During Metabolic Changes 


Ures 
MolP:mol MolP:  MolK 
Patients Diagnosis uricacid Mol K Use ni sabres 


CONCLUSIONS AND DISCUSSIONS 


The excess excretion of phosphate during a low-protein standardized diet 
seems to be a rough quantitative measure of tumour destruction in our experiments. 
The following 6 points are evidence for this conclusion : 


1. In the 4 patients in whom the faecal excretion was measured during X-ray 
irradiation the faecal excretion of phosphate did not rise. 

2. In the 5 leukaemic patients a close relationship appeared to exist between 
the onset of the rise of metabolites excretion and the commencement of irradiation 
(usually a difference of a day) and between the end of the increases of metabolites 
excretion and the stabilization of the amount of leucocytes on a much lower level. 

3. The total volume of excess excretion of phosphate agreed within reasonable 
limits with the clinical estimation of total tumour loss in the 5 leukaemic patients. 

4. In 2 of the 3 non-leukaemic cases no measurable decrease of tumour tissue 
could be found after a much larger dose of X ray irradiation ; in these 2 cases 
the irradiation was not followed by a rise of excretion of metabolites. In the third 
patient with metastasized reticulo sarcoma a visible decrease of tumour-mass 
was accompanied by a rise of excretion of metabolites similar to that in the 
leukaemic patients. 

5. A close parallel exists between the rise and fall of the excretion of phosphate 
and of the other cellular metabolites such as uric acid, urea and potassium. 

6. The ratios between the total excess excretions ‘of phosphate, uric acid and 
potassium are in the range as might be expected from the destruction of tumour 
tissue (see below). 

The ratio between the excess excretion of mo] P and mol K appeared to vary 
between 0:5 and 1-4. This is in reasonable accordance with the findings of Water- 
house, Terepka and Sherman (1955) who found this ratio to be about 1-0 in biopsies 
of malignant tissue. Also the ratio between mol P and mol uric acid in the excess 
excretion is in reasonable accordance with other findings. The phosphate and 
uric acid originating from the destruction of nucleic acids will be excreted in a 
ratio mol P : mol uric acid of about 2 as the pyrimidine nucleus is not metabolized 
in uric acid. However, in leukaemic leucocytes about 30-50 per cent of the total 
P-content is derived from other compounds than nucleic acids (Rigas et al., 1956) 
therefore a ratio mol P : mol uric acid between 3 and 4 had to be expected. In 
fact we found this ratio varying between 2-1 and 5-0. The ratio between gram N 
and gram P varies in our experiments between 1-8 and 7-3; Waterhouse et al., 
(1955) calculated this ratio in leukaemic cells to be between 5-6 and 7-9. Our 
calculated excess excretion of nitrogen from urea, uric acid and creatinine, 


% 

Mr.de V—. Myel. leuk. . 2-1 1-1 4-2 48 

Mrs. Z— .lLymph.leuk.. 4:3 . 18-7 

Mr.GlI— . Retic.sarc. . 5:0 . 23-2 
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constitutes a good 90 per cent of the total nitrogen excretion. Probably, however, 
in our cases the caloric intake was too small; in normal cases 2000 calories per 
day suffices for a caloric equilibrium, but in feverish or tumour patients this 
might be insufficient. Therefore a retention of urea together with P in a high 
N : P ratio seems to be a possible explanation for our low figures. If this is true 
the total amount of P, derived from the breakdown of tumour tissue is larger than 
the excess excretions of P calculated by us. Our figures of the ratio mol K : gram 
N and of the ratio mol urea: mol uric acid are too inconsistent to allow any 
conclusions to be drawn. 

The gradual fall of creatinine was accompanied by a fall of the creatinine 
content of the serum (loss of body weight ?). The calcium excretion in our leuk- 
aemic patients is remarkably low. Maybe this has something to do with the 
altered phosphate-metabolism. Anyway, in all the 5 patients the low calcium 
excretion fell even to a still lower level during the rise of phosphate excretion 
(Fig. 1). The excretion of uric acid often rises above the solubility of urates, 
especially because this solubility is decreased in an acid environment. Our first 
patient with myeloid leukaemia, Mr. de V—, had ureteric colics at the height of 
the uric acid excretion from urate stones. The pH of his urine at that time was 
4-9. Actually, in these circumstances alkalines and extra fluid ought to be given 
to these patients. 

Assuming that the X-ray irradiation of the spleen inhibits the formation of 
new leukaemic cells the patterns of excretion of phosphate and uric acid seem 
to agree with the known fact about the metabolism of these substances. Presum- 
ably the phosphate originating from an elevated turnover of leucocytes is wholly 
re-utilized. Immediately after commencing irradiation of the spleen the phosphate 
excretion starts to rise because the re-utilization of phosphate in new leukaemic 
cells has been made impossible. It is well known on the other hand that uric 
acid is excreted in many untreated patients with myeloid leukaemia in larger 
amounts than normal. This is also seen in our 2 patients. Uric acid derived from 
the breakdown of nucleic acids therefore seems to be non- or only partially 
re-utilizable. In this respect the phosphate and uric acid closely resemble the iron 
and urobilinogen respectively derived from the breakdown of haemoglobin. If 
the hypothesis that the irradiation of the spleen only stops the formation of new 
leukaemic cells is correct-—X-rays do indeed inhibit the mitotic activity of cells— 
the total duration of the elevated excretion of cell metabolites reflects to a certain 
extent the lifetime of the total population of leukaemic cells. 


SUMMARY 


In 5 leukaemic and 3 cancer patients, who were on a standardized low-protein 
diet, the urinary excretion of phosphate, uric acid, potassium, calcium, urea and 
creatinine was investigated during X-ray treatment. During this disappearance 
of tumour tissue the urinary excretion of cell metabolites rose. The excess excre- 
ion of urinary phosphate appeared to be a roughly quantitative measure of tumour 
‘oss. This conclusion is based on the following observations : 

1. In 4 patients in whom the faecal excretion was measured during irradiation, 
no rise of phosphate excretion was observed. 

2. A close time-relationship existed between the onset of the rise of the excre- 
‘ion of metabolites and the commencement of X-ray irradiation (usually a difference 
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of one day) and between the end of the increased excretion of metabolites and the 
stabilization of the amount of leucocytes on a lower level. 

3. The total volume of excess excretion of phosphate agreed within reasonable 
limits with the clinical estimation of total tumour loss in the leukaemic patients. 

4. In 2 of the 3 cancer patients no decrease of tumour tissue was observed 
after a much larger dose of X-ray irradiation and no rise of excretion of meta- 
bolites was seen ; in the third patient with metastasized reticulo sarcoma a visible 
decrease of tumour mass was accompanied by a rise of excretion of metabolites 
similar to that in the leukaemic patients. 

5. A close parallel existed between the rise and fall of the excretion of cell 
metabolites such as phosphate, uric acid, potassium and urea. 

6. The ratios between the total excess excretions of phosphate and potassium 
and of phosphate and uric acid appeared to be in the range as could be expected 
from the destruction of tumour tissue. 
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In previous studies (Mutolo and Abrignani, 1957) it has been observed that 
mitochondria isolated from 256 Walker tumour cells are more susceptible to 
the action of trypsin than are those from normal rat liver. It was also found that 
the decrease of optical density of a mitochondrial suspension in the presence of 
anionic detergents was more marked with mitochondria derived from normal 
liver tissue than with mitochondria from tumour cells. This result suggested a 
structural-chemical difference between the proteins of the membrane of normal 
and tumour mitochondria. 

Recently, however, Cooper and Tapley (1957) have compared the response 
of the mitochondria from various normal tissues to several swelling agents and 
found considerable differences. 

These observations called for caution in the interpretation of our results and 
it seemed imperative to check their general validity with an extensive study of 
the mitochondria isolated from several normal tissues and organs and several 


strains of tumours. The results of such investigations are reported in the present 
paper and they seem to lend support to our previous conclusions. 


MATERIALS AND METHODS 


Normal tissues.—The following tissues were used: liver, spleen, embryonic 
tissues, and regenerating liver of normal albino rats ; liver, spleen, and kidney of 
normal mice ; and tissue cultures of human liver cells (strain Chang). 

For the study of mitochondria of regenerating liver, hepatectomy was per- 
formed on a group of rats and the animals were sacrificed after 10 days. 

The medium for cellular growth of the cells of the Chang liver strain was 55 
per cent Hank’s balanced salt solution, 20 per cent lacto-albumin, 20 per cent 
inactivated horse serum, and 5 per cent human serum. 

Tumour tissues.-Mitochondria were prepared from the following tumours : 
hepatoma ascites tumour, 256 Walker tumour, and transplantable myeloma of 
rats ; Sarcoma 180, and Ehrlich ascites tumour of mice ; and tissue cultures of 
malignant human cells (HeLa strain). 

For these experiments only the solid tumours free of necrotic tissue were 
excised. The ascitic fluids of hepatoma and Ehrlich tumour and the suspension 
of cells cultivated in vitro were centrifuged at 700 x g. for 10 minutes and the 
supernatants were removed ; the cellular sediments were used. 

For growth of the cells of the HeLa strain the liquid medium consisted of 
199 Morgan’s solution containing 20 per cent calf serum, and 2 per cent chicken 
embryo extract, according to F. G. Oddo (personal communication). 
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Preparation of mitochondria.—The animals were killed by decapitation and the 
tissues were collected immediately. The tissues and the cellular sediments were 
homogenized in a glass homogenizer with a teflon plunger. The homogenization 
was carried out at 0° C. in nine volumes of 0-44 M sucrose in 0-1 m citrate buffer 
(pH 6-3) containing 10-* m versene. Nuclei and cell debris were sedimented at 
700 x g. for 10 minutes (in the MSE refrigerated centrifuge) and the supernatant 
was then centrifuged at 10,000 x g. for 20 minutes. The sedimented mitochondrial 
pellet was. homogenized in five volumes of 0-44 m sucrose in 0-1 m citrate buffer 
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Fic. 1.—Changes of the optical density (D,..) of mitochondria suspensions in 0-3 m sucrose. 
(a) Chang cells; (6) mouse spleen; (c) rat embryo; (d) rat spleen; (e) mouse kidney ; 
(f) mouse liver ; (g) regenerating rat liver ; (h) rat liver. 


(pH 6-3) and centrifuged at 24,000 x g. for 20 minutes. The final sediment was 
suspended with a homogenizer in 0-5 m sucrose in 0-02 m tris buffer pH 7-4 and 
diluted with sucrose so that the optical density ot 520 my of the incubation mixture 
was about 0-250. The mitochondria were always used immediately after prepara- 
tion. 

Incubation procedure.—0-1 ml of the final mitochondrial suspension was added 
to 3-0 of 0-3 m sucrose in tris buffer pH 7-4. After mixing, the optical densities 
were read at 520 my in a Beckman DU Spectrophotometer at 30 seconds, 5, 10, 
15 minutes. Then 0-1 ml. of one of the following solutions was added: 0-15 per 
cent crystalline trypsin (Armour) ; 0-08 per cent duponol in tris buffer pH 7-4 ; 
0-27 m sodium deoxicholate in tris buffer; tris buffer alone (as control). The 
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suspensions were mixed and the optical densities were read every 5 minutes for 
15 minutes. 

The incubation was performed at room temperature (19-20° C.); for the 
duration of the experiments no agglutination was observed. 

The per cent decrease of the optical density has been calculated minus that 


observed in a control sample containing only 0-3 M sucrose. 


RESULTS 
Normal tissues 
Mitochondria isolated from the organs of normal animals and suspended in 
0-3 mM sucrose showed considerable variability in their swelling response. As it 
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Fic. 2.—Changes of the optical density (D,,.) of mitochondria suspensions in 0-3 m sucrose. 
(a) HeLa cells ; (6) Sarcoma 180 ; (c) Ehrlich ascites ; (d) hepatoma ascites ; (e) 256 Walker ; 
(f) myeloma. 


appears from Fig. 1, at this concentration of sucrose, while the mitochondria of 
normal and regenerating rat liver and mice liver exhibit a quite pronounced 
swelling, those of mouse kidney, rat spleen, rat embryo, and mouse spleen undergo 
very little swelling, and the mitochondria of Chang strain do not seem to undergo 
any swelling at all. 

As it is shown in Fig. 3, both duponol and sodium deoxicholate cause a 
-onsiderable decrease of the optical density of the mitochondrial suspensions of 
.1ormal tissues, which is more marked in the case of duponol. 
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Fic. 3.—Effect of i (CD) and sodium deoxicholate (MM) 
on the optical density of mitochondria suspensions. 
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Fie. 4.—Effect of trypsin in the optical density of mitochondria suspensions. 
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On the other hand, the swelling of the mitochondria of normal tissues was in no 
case increased by trypsin, at least at the concentration used in the present experi- 
ments. In some experiments even a protective action was observed (Fig. 4). 


Tumour tissues 

The data summarized in Fig. 2 show that mitochondria isolated from all the 
above mentioned tumours undergo very little, if any, swelling when suspended 
in 0-3 mM sucrose. When duponol or sodium deoxicholate were added, a slight 
decrease of the optical density of the suspensions occurred but in all cases such a 
decrease was less than that observed with the mitochondria of normal cells. 

On the contrary, a definite decrease of the optical density upon the addition 
of trypsin was always observed in the suspensions of tumour mitochondria (Fig. 
4). 

CONCLUSIONS 


These results first of all confirm those of Cooper and Tapley (1957) in that the 
swelling response of the mitochondria of normal tissues in 0-3 M sucrose varies, 
according to the tissue from which they have been prepared. A similar difference 
is also noted in their response to anionic detergents. This seems to indicate differ- 
ences in the physiological and chemical properties of the membrane of mitochondria 
from different tissues. 

However, all normal tissues have proved consistently to be entirely refractory 
to the action of trypsin and this seems to be one of the most peculiar differences 
between mitochondria from normal and neoplastic tissues. 

In fact, the present experiments indicate quite clearly, in confirmation of our 
previous results, that the mitochondria from all tumour cells studied thus far 
are quite sensitive to the attack of trypsin. This seems to be a characteristic 
which distinguishes mitochondria from normal and tumour cells and which may 
explain, at last partially, the altered metabolic activities of the tumour cells. 
It also seems of interest to draw attention to the fact that mitochondria of the 
cells of the HeLa strain behave as those of all other tumour cells, in spite of 
having been adapted to life in vitro. 


SUMMARY 
Mitochondria isolated from different normal and tumour tissues have shown a 
swelling response in 0-3 M sucrose and in presence of anionic detergents according 
to the tissue from which they have been prepared. 
The mitochondria isolated from all tumour cells studied were quite sensitive 
to the action of trypsin. 
We wish to thank to Professor A. Monroy for valuable advice and helpful 
discussions. 
The hepatoma ascites tumour was kindly supplied to us by Dr. F. Zajdela, 
to whom we wish to express our sincere thanks. 
This investigation was supported in part by a grant from the Lega italiana 
per la lotta contro i tumori. 
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A LOWERING of the serum albumin level is 1 common accompaniment of 
malignant disease in man (Mider, Alling and Morton, 1950) and of the growth 
of experimental tumours in animals (Hradec, DusSek and Dlouha, 1954). The 
mechanism whereby this hypoalbuminaemia is produced is still obscure. 

Two factors must be taken into account when trying to explain this pheno- 
menon, namely, the intensity of biosynthesis of serum albumin in cancerous 
subjects, and the extent of utilization of this protein within the body (Fenninger 
and Mider, 1954). The liver is the main, if not the only, seat of albumin produc- 
tion as shown by experiments with hepatectomized animals (Madden and Whipple, 
1940). A net synthesis of this protein has also been demonstrated in vitro by 
incubating liver slices in a suitable medium (Peters and Anfinsen, 1950). Although 
many studies of liver function have been undertaken in cancer patients and 
some degree of impairment has been shown in a high percentage of them (Tagnon 
and Trunnell, 1948), there is as yet no answer to the question whether a decline of 
serum albumin synthesis in livers of cancerous subjects is the real reason for 
hypoalbuminaemia occurring in blood. Lack of a suitable definition of this 
hepatic dysfunction makes it difficult to interpret these results (Fenninger and 
Mider, 1954). Reports from experiments undertaken in tumour-bearing animals 
show an enlargement of livers and kidneys while other organs undergo a reduction 
in their size (Babson, 1954) An impairment of hepatic function can scarcely 
be supposed in these cases. As it can be seen from these facts;no unequivocal 
evidence exists up to date that hypoalbuminaemia in malignant diseases is due 
to the lowered ability of the liver tissue to produce albumin. 

There is good evidence for a demand for an increased supply of protein in 
cancerous subjects. Tumours increase in size by the formation of new protein 
molecules, for which an increased quantity of building materials must be available. 
Since the liver holds a key position in the nitrogen metabolism of the body, the 
suggestion has been made that the liver hypertrophy in rats bearing transplantable 
tumours is in response to the tumour’s demand for an increased supply of protein 
(Babson, 1954). It is a well-known fact that tissues are able to utilize plasma 
proteins for the formation of their own proteins, as was demonstrated in dogs 
given plasma proteins parenterally as the only source of nitrogen (Terry, Sandrock, 
Nye and Whipple, 1948). Good evidence has also been obtained that a tumour 
can efficiently utilize plasma proteins for tumour protein production (Babson and 
Winnick, 1954). In keeping with these assumptions of increased utilization of 
serum albumin in cancerous subjects is the demonstration of a faster rate of 
loss of labelled albumin from the circulation of tumour-bearing rats (Babson, 
1956). Although no definite conclusions concerning intensified serum albumin 
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synthesis in the livers of these animals can be reached unequivocal evidence was 
obtained of a higher demand for serum proteins in rats bearing transplanted 
tumours. 

No attempts at correlating these data have so far been reported and no direct 
experimental proof has as yet been given for an altered serum albumin biosyn- 
thesis in tumour-bearing animals. A mere study of the turn-over rate of this 
protein in vivo cannot solve the problem, as at least two factors, degradation and 
synthesis of new protein molecules, are concerned in experiments of this type. 
In our laboratory, we tried to study both these factors separately and obtained 
good evidence that increased intensity of serum albumin formation accompanying 
a faster rate of loss of this protein from the circulation in tumour-bearing animals 
may have some connection with the hypoalbuminaemia in these conditions. 


MATERIALS AND METHODS 

Experimental animals 

A total of 195 Wistar rats of both sexes, weighing 150-200 g., was used through- 
out our experiments. The animals were housed in glass cages and given tap water 
ad libitum. In most instances, they were fed the semisynthetic Larsen diet 
(Jelinek, 1952, personal communication), in some cases diets rich in proteins, 
carbohydrates or fat were given. The protein-rich diet consisted of casein and 
normal Larsen diet (4 : 1), the carbohydrate diet of starch and normal Larsen diet 
(4:1) and the fat-rich diet contained vegetable fat and normal Larsen diet 
(1:4). Each animal obtained 150 g. of this food daily. 


Blood was withdrawn by cardiac puncture under ether anaesthesia, 1-5 ml. 
being usually taken and mixed with 0-5 ml. of isotonic sodium citrate solution. 
Bleedings were made on alternate days in short-lasting experiments (usually 3 
times from one animal), and twice a week in long term series (6-8 times in one 
animal). An equivalent volume of saline was given intraperitoneally to all 
animals bled. 


Tumours 


The Walker 256 carcinoma and the 2056 sarcoma of this laboratory (Trojan 
and Hradec, 1958) were used in our experiments. Tumours were implanted by 
the trocar technique. Growth rates of the tumours were calculated from the 
volumes of plaster casts prepared on alternate days. The magnitute of the tumour 
was expressed as the weight of the fresh tumour tissue excised in toto from sacri- 
ficed animals. 


Radioactive substances 

Labelled (S*5) dl-methionine with an average activity of 0-6-0-7 mc. per mg. 
was obtained from the Radiological Research Institute in Prague. Internally 
labelled (S*5) rat serum albumin was prepared biosynthetically in this laboratory 
and had an activity of 0-3—-0-7 uc. per mg. in various batches. It was separated 
by a cellulose column electrophoresis essentially according to Flodin and Porath 
(1954) from blood-plasma of rats given intravenously labelled methionine or 
yeast-protein hydrolysate. Details of this procedure are given in our subsequent 
paper (Hradec, 19582). 
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- Labelled compounds were administered to animals in most cases intravenously 
in 0-1—0-2 ml. of isotonic saline solutions. In this case 3-5 mg. of serum albumin 
or 0-005-0-01 mg. of methionine were given per rat. In some cases labelled 
methionine or labelled yeast were given orally in diluted milk in doses 0-02-0-05 
mg. and 15-20 mg., respectively, per animal. 


In vitro procedures 

Normal and tumour-bearing animals were killed by a blow on the head, and 
liver tissue was immediately removed and placed in cold isotonic saline. Tissue 
slices were made by the Stadie-Riggs slicer (Stadie and Riggs, 1944) and were then 
suspended in ice-cold saline and shaken three times for two minutes in a mechanical 
shaking-device, with three or four subsequent washings in ice-cold saline till the 
washing-fluid was clear and uncoloured (Peters and Anfinsen, 1950). This treat- 
ment lowered the blank albumin contents of the tissue to 10-20 per cent of its 
original value. After this, 0-5 g. of wet slices were suspended in 3 ml. of incubation 
mixture (Krebs-Ringer bicarbonate (Krebs and Henseleit,1932) without phosphate) 
in individual Warburg flasks and shaken gently in a Warburg apparatus for 2 
hours at 37-5° C. in a gas atmosphere of 95 per cent O, and 5 per cent CO,. After 
incubation the contents of each flask were homogenized in a glass homogenizer 
and the homogenate centrifuged for 10 minutes at 18,000 G. The clear, slightly 
opalescent supernatant was used for determination of albumin by an isotopic- 
dilution procedure given next. 


Chemical methods 


Determination of the serum albumin level in rat plasma was performed by 
filter paper electrophoresis. A wet-chamber technique, using Barbital-citrate 
buffer, pH 8-5, « = 0-067, Whatman No. 1 paper and a potential gradient of 8 V per 
cm. was used. After drying the paper, proteins were stained by bromphenol 
blue, strips of paper corresponding to each one plasma protein fraction eluted and 
the percentage of the dye adsorbed determined in a Lange photoelectric colorimeter. 

For the determination of the radioactivity of the serum albumin, the plasma 
proteins were precipitated by trichloracetic acid, the precipitate washed by the 
samed acid, the albumin extracted with ethanol (Korner and Debro, 1956) and 
precipitated from this solution by ether. After several washings the precipitate 
was collected on filter-paper discs and its radioactivity counted. Details of the 
procedure of albumin isolation are given in our subsequent paper (Hradec, 1958a). 

Net production of serum albumin in liver slices was determined by an isotope- 
dilution procedure. Pure labelled albumin was added to supernatants of incu- 
bation-mixture homogenates as described above, the proteins were precipitated 
with trichloracetic acid and serum albumin extracted from the precipitate in 
the same manner as described in the above paragraph. From the value of specific 
radioactivity of the washed albumin precipitate the concentration of serum 
albumin in the sample was calculated using a calibration chart made from specific 
activities of samples to which known quantities of pure serum albumin had been 
added. Details of this procedure are given in a subsequent paper (Hradec, 
19586). Blank samples for the determination of initial serum albumin level 
in slices before incubation were prepared in the same way from the washed liver 
slices as samples incubated. They were prepared immediately before incubation 
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and placed after homogenization and centrifugation in a deep-freezing unit to 
minimize possible proteolytic processes. Further elaboration of these blank 
samples then proceeded together with samples after incubation. Values of 
initial serum albumin level in slices varied between 1-8-3-2 mg. per g. of fresh 
washed liver slices in different animals, respectively. Usually 4 blank and 6 
incubated samples were analysed from the liver of one rat. The statistical error 
of the determination did not exceed +2 per cent in most instances and only 
cases with a probable error lower than 3 per cent of the blank value were taken 
into account in our experiments. For the calculation of net serum albumin 
biosynthesis the blank value was subtracted from the value of incubated samples 
and results expressed as mg. of serum albumin produced per g. of fresh liver 
slices per hour. 


Radioactivity assay 

In all cases radioactivity was determined in precipitates finely homogenized 
in a glass homogenizer and plated on tared filter-paper discs in a filtration device. 
These samples were counted using a mica-window Geiger-Miiller counter from a 
distance of 20mm. The counting period chosen was sufficiently long to minimize 
the probabie error to +2 per cent. All samples were corrected for decay and 
self-absorption when necessary. 


RESULTS 
Turn-over rate of serum albumin in normal animals 


Two different values for the biological half-life of serum albumin were obtained 
depending on the mode of administration of radioactive substances. When 
labelled methionine was given either orally or by intravenous or intraperitoneal 
injection, decline of the labelled serum albumin in the blood-plasma of normal 
animals followed a straight exponential slope from the 7th hour till the 4th week 
after administration. A more detailed survey of this dependence revealed it to 
be more complicated with several risings and fallings of the curve. An average 
value of these results gave 4-47 days for the biological half-life of serum albumin, 
which is in good agreement with figures given by other authors (Tarver and Morse 
(1948) 4-4 days). 

After administration of labelled pure serum albumin intravenously or labelled 
yeast protein in food there was a straight exponential decline of the serum albumin 
specific activity in blood-plasma steeper than in the previous case. This straight 
line was followed for 3-5 days depending on the quantity of labelled substance 
administered, after which a temporary rise in the level of labelled serum albumin 
appeared lasting only a few hours and followed by another decline of the curve. 
The more radioactive substance was administered the later this ascent of the 
specific activity-time relation line appeared. The decline of the curve after this 
rise was more gradual than before. Further temporary ascent of the specific 
activity appeared after varying periods of time again depending on the quantity 
of substance administered and after 3 or 4 of these risings the slope of the line was 
the same as after labelled methionine administration and no additional risings 
of the curve were found. The value of the biological half-life of serum albumin 
calculated from the progress of the specific activity-time relation straight line 
during the first 3 days after the administration of labelled substances gave 24 
hours in normal animals. 
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Biological half-life of serum albumin after various modes of administration 
of labelled substances is given in Fig. 1. 

We assume that no fundamental difference exists between these two seemingly 
quite dissimilar values for the turn-over time of serum albumin. The specific 
activity-time relation curve is a result of two processes, the utilization of the 
protein in the tissues and biosynthesis of new labelled albumin molecules in the 
body. Where no free labelled amino acids are available for this biosynthesis, 
the biological half-life is a result of a mere degradation of the labelled protein as 
in the case of pure albumin administration. In the course of this degradation of 
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Fic. 1.—The biological half-life of serum albumin in normal rats after intravenous administra- 
tion of radioactive albumin (full line) or labelled methionine (dashed line). Average values 
are given, based on the results of an experiment performed on 30 and 23 animals, 
respectively. 


labelled serum albumin, radioactive cystine and methionine are released, which 
can be utilized for the formation of new serum albumin molecules synthesized 
in the body. As soon as this occurs, these newly formed protein molecules must 
be taken into account, in the interpretation of the biological half-life curve. 
In this way the temporary ascents of the curve when most of the administered 
albumin has been degraded can be explained, and also the constantly more gradual 
slope of the labelled albumin level curve. A dynamic balance must be achieved 
between the processes of albumin degradation and formation, respectively. 
When this is done, the slope of the curve after about two weeks is exactly the same 
as in the case of labelled methionine administration, where this balance can be 
achieved during the first few hours after the administration. 

No differences in the turn-over time of serum albumin were found in animals 
fed on various diets. The slope of the labelled albumin-time relation curve was 
the same in these animals as in those fed the standard Larsen diet. Significant 
differences, however, were found in the initial labelled albumin level after feeding 
labelled methionine. The specific radioactivity of serum albumin after admini- 
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stration of a carbohydrate-rich diet was about twice as high as in animals fed 
diets rich in fat. The protein-rich diet resulted in a slightly lower initial labelled 
albumin level than the fat diet. 

From these results it can be assumed that diet has no influence on the general 
biosynthesis-degradation balance of serum albumin discussed in the previous 
paragraph. It appears, however, that the utilization of labelled amino acids 
for purposes other than albumin synthesis is higher in animals fed protein- and 
fat-rich diets. Probably the undernourishment of these animals must also be 
taken into account in explaining these facts. 

All these facts are thoroughly discussed in our subsequent paper dealing with 
the turn-over rate of serum albumin in normal rats (Hradec and Trojan, 1958). 


Turn-over rate of serum albumin in tumour-bearing animals 


A shortening of the turn-over time of serum albumin was found in all tumour- 
bearing animals studied. This was the case in long-term experiments on animals 
administered labelled methionine as well as in short-lasting experiments after 
administration of labelled serum albumin intravenously. In experiments with 
tumour-bearing animals fed various diets also a shortening of the biological 
half-life of serum albumin was found after administration of labelled methionine 
intraperitoneally. 

A group of animals with Walker 256 tumours in the 2nd week after trans- 
plantation (average tumour-weight 8-3 g.) showed a turn-over rate of serum 
albumin equal to 16 hrs. The serum albumin level in the blood plasma of these 
animals was also lowered to between 50 and 80 per cent of its normal value. 

In another group of rats in the first week after the transplantation of Walker 
256 carcinoma, in which blood was taken from the 2nd day after transplantation, 
tumours having been scarcely palpable in the majority of these animals, the same 
value, i.e. 16 hours, was found for the biological half-life of serum albumin. The 
plasma albumin level in these animals was within the ranges found in normal 
rats. 

An examination of the albumin turn-over rate in rats with giant Walker 
tumours ante finem (4-5th week after transplantation, average tumour weight 
32-4 g.) revealed the same value as in previous experiments, although the plasma 
albumin level in these animals was in all cases significantly lowered (under 50 
per cent of its original value). 

The experiments cited above also showed that changes in the rate of growth 
of the tumour in its various growth-periods did not alter the turn-over rate of 
serum albumin, which remained at the same value, i.e. 16 hours. This mutual 
independence of the growth-rate of a tumour and the lowered value of serum 
albumin turn-over rate was clearly demonstrated in subsequent experiments, 
in which rats implanted with the 2056 tumour were used. Although this sarcoma 
grows more quickly than the Walker carcinoma and kills the animal after 18-24 
days the same value for the biological half-life of albumin was found in these 
animals as in those bearing the Walker carcinoma. Again, the growth-stage of 
the tumour was without significance for the turn-over time of serum albumin, 
the same value being found in animals in their first week after transplantation 
as well as in those bearing giant tumours immediately before death; nor was 
a correlation discovered between the serum albumin level in plasma and its 
turn-over rate, as mentioned when describing experiments with the Walker 
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256 carcinoma. The results of these short-lasting experiments are shown in 
ig. 2. 

Similar results were obtained in the long-term experiments, also. In several 
groups of animals bearing either the Walker 256 carcinoma or a 2056 sarcoma 
the turn-over rate of serum albumin was followed, from the first week after 
transplantation up to the end of animals’ lives, after the intravenous administration 


of labelled methionine. A value of 3-90 days (corresponding to 4-47 days in 
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Fic. 2.—Turn-over rate of serum albumin after intravenous administration of labelled albumin 
in normal (full line) and tumour-bearing animals (dashed line). Average values are given 
from an experiment on 30 and 32 animals respectively. 


normal animals) was found in all tumour-bearing animals. The slope of the 
labelled albumin-time relation curve was straight during the whole of this period 
of time, again clearly demonstrating that no correlation exists between the turn- 
over rate and the growth-rate of the tumour and serum albumin level in blood 
plasma, respectively. Values for serum albumin specific radioactivity in individual 
animals varied within limits of +10 per cent. 

Results of long-term experiments on rats given various diets after admini- 
stration of labelled methionine intraperitoneally did not differ from those given 
above. Some difficulties were found in growing the tumours, especially in rats 
on a protein-rich diet, the turn-over rate of serum albumin in the tumour-bearing 
animals being the same as in those fed on the Larsen diet. 
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The turn-over rate of serum albumin in long-term experiments is given in 
Fig. 3. 

In a few animals in which tumours did not “take ”’, the biological half-life 
of serum albumin did not differ from in normal ones. 

In some groups of tumour-bearing animals somewhat involuntary experiments 
were made. Tumours in these animals regressed after various periods of normal 
growth. In some of them after one week’s growth suppuration occurred followed 
by ulceration, and scarred skin remained instead of tumours. Another group 
showed macroscopically normal tumour growth for a period of 2 weeks, but 
autopsy showed an abscess, with occasional remains of tumour tissue or none at all. 
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Fic. 3.—Turn-over rate of serum albumin after intravenous administration of labelled 
methionine in normal (full line) and tumour- animals (dashed line). Average values 
from experiments on 23 and 20 animals, respectively, are given. 


Examination of the turn-over time of serum albumin in these animals revealed 
very interesting findings. Contrary to the results obtained in animals with 
growing tumours, the biological half-life of serum albumin in these animals 
showed a prolongation in comparison to the value stated in normal animals. 
The plasma albumin level in these animals was lowered to the same extent as in 
those bearing progressively growing tumours. Results of these experiments 
are given in Fig. 4. 

In most cases a more complicated slope of the specific radioactivity-time 
relation curve could be observed, which consisted of three phases. In the first 
phase—active tumour growth—the slope of the curve could not be distinguished 
from that of tumour-bearing animals ; in the second phase—the regression period— 
a prolongation of the biological half-life of albumin occurred, and in the third 
phase—the healing period—a turn-over rate equal to that in normal animals 
was found. The first two phases could not be distinguished macroscopically. 
In most animals palpable tumours in the second phase did not differ from actively 
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growing ones and only autopsy showed the true state of affairs. It was possible 
in some cases, from the mere turn-over rate of serum albumin, to conclude the 
true fate of a tumour, indistinguishable from the other active-growing ones. 
Return to the normal biological half-life serum albumin occurred at the time 
when skin ulcerations and scars were healing. Usually only two of these phases 
could be followed in short-term experiments, as in Fig. 4. 


2 3 4 
Days 
Fic. 4.—Turn-over rate of serum albumin after intravenous administration of labelled albumin 
in normal (dashed line) and regressing tumour-bearing animals (full lines). In one case the 
regression period is seen (@ @), in others the change from regression to normal 
growth period (O ©), and from the tumour growth to regression period 
(x x), respectively, is visible. All values were obtained in individual animals. 


Incorporation of labelled methionine into serum albumin in tumour-bearing rats 


When labelled methionine was administered intravenously to normal rats, 
a steep ascent of the serum albumin specific radioactivity in blood-plasma could 
be observed during the first hour after the injection. A second period followed 
in which logarithmic values of serum albumin radioactivity plotted against the 
linear values of time gave a straight line for the next 3-4 hours. After this 
there was a decline followed by a second increase of radioactive albumin in blood 
plasma. 

In tumour-bearing animals, the top of the first phase was achieved in a shorter 
period of time and the value of its was higher than in normal animals. The 
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serum albumin specific activity in the second period also showed higher values 
than those found in normal animals and the slope of the curve was steeper. 
Decline of the curve after this period occurred earlier than in normal animals. 
Results of these experiments are shown in Fig. 5. 

These results indicate a higher incorporation of labelled methionine into 
albumin in tumour-bearing animals. Corresponding to the results obtained by 
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Fic. 5.—Incorporation of labelled methionine into serum albumin after intravenous admini- 
stration of this amino acid in normal (full line) and tumour-bearing animals (dashed line). 
Each point of the line represents an average of values obtained from 3 to 4 animals. 


studying the turn-over of serum albumin it is evident that a more thorough 
utilization of serum albumin takes place in tumour-bearing animals, as shown 
by the earlier decline of the specific activity-time relation curve in this group. 

In agreement with these results, the specific radioactivity of serum albumin 
in animals with tumours in regression showed a smaller top of the first period 
than the normal animals. The values of radioactive albumin in the second 
period were also smaller and the decline of the curve occurred later than in the 
controls. These results are given in Fig. 6 and indicate a worse utilization of 
serum albumin in these animals in comparison with normal ones. 


Net production of serum albumin by liver slices 
When liver slices of normal rats were incubated in the medium given above, 
an average value of new-formed albumin equalled 0-42 mg. per hour per g. of 
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wet tissue. Livers of tumour-bearing animals showed a higher intensity of this 
process and an average net production of serum albumin comprised 1-23 mg. 
per hour per g. of wet tissue. As can be seen from Table I, results in the tumour- 

ing group showed a higher dispersion of values than in control animals, 
but the lowest amount of serum albumin synthesized by livers of tumour-bearing 
animals was still higher than the highest figures found in the normal group. 
Only in 2 animals in this group were values similar to those in normal rats found. 


Fic. 6.—Incorporation of labelled methionine into serum albumin after intravenous admini- 
stration of this amino acid in normal (full line) and regressing tumour-béaring animals 
(dashed line). Each point on the line represents an average of values obtained in 3 animals. 


TaB.E I.—Net Production of Serum Albumin in vitro in Normal 
and Tumour-bearing Animals 
Net production of serum albumin 
Number A 
of animals Average o 
Normal animals 26 0-42 +0-14 0-18-0-56 
Tumour-bearing animals. 21 1-23 +0-48 0-48-2-05 


(mg. per hr. per g. of liver slices) 


When a possible correlation between tumour volume and the intensity of 
serum albumin biosynthesis was tested for, no connection could be found, as is 
clearly visible from Fig. 7. In some cases animals bearing small tumour nodules 
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showed a very high intensity of net production of serum albumin in contrast to 
those with giant tumours, in which a much smaller quantity of this protein 
was formed. 


3c 


Net production of albumin mg per ¢. per hr. 


12 
Tumour weight in grammes 
Fic. 7.—Relation between tumour weight and the production of serum albumin in liver slices. 
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DISCUSSION 


Direct evidence has been obtained in our experiments of intensified production 
of serum albumin in the liver-tissue of tumour-bearing animals. The suggestion 
that reduced albumin synthesis in cancerous subjects is the cause of hypoalbumi- 
naemia in them can therefore be excluded. A higher demand for serum albumin 
occurs in tumour-bearing animals, as seen unequivocally from its more intensive 
formation and a faster turn-over rate. However, these two facts alone are not 
sufficient in considering possible causes of hypoalbuminaemia in these animals. 
A higher degradation of albumin being compensated for by its higher production 
need not lead to abnormality in its blood-plasma level. 

Another fact must be taken into account in considering the mechanism of 
hypoalbuminaemia in malignant diseases. It was shown in our experiments 
that the same turn-over rate of albumin takes place in tumour-bearing animals 
without dependence on the growth-rate or magnitude of the tumour. Although 
no straightforward relationship could be found between the extent of serum 
albumin synthesis and the volume of tumour tissue, extensive individual variations 
were revealed in this respect. It could be assumed from this fact that the increased 
demand of the tumour for a supply of serum albumin cannot be met by intensified 
synthesis of this protein in the liver in every case. From this it follows that in 
these cases the degradation processes rise over the production and it seems 
obvious that this quantity must be repaid from the protein circulating normally 
in blood-plasma, leading in this way to a decline in its level. It is well known 
that wide individual differences exist in plasma albumin levels in cancer patients 
(Fenninger and Mider, 1954) and tumour-bearing animals also (Hradec, Dusek 
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and Dlouha, 1954) and these could be explained by the differing ability of the 
liver tissue of such beings to intensify its albumin production. From this point 
of view it is quite understandable that in some individuals a greater decline 
of the serum albumin level in the plasma occurs early in this disease while in 
others only a slight decrease of the serum albumin could be observed even in the 
terminal stages. 

The results of our in vivo experiments showed a shortening of the biological 
half-line of serum albumin practically from the first moment of tumour “ taking ”’. 
A reason must be searched for, why in animals, in which an ability to produce a 
sufficiently higher amount of albumin is not provided, no decline of plasma 
albumin level occurs during the first few days. We assume that this increased 
amount of albumin is repaid from some reserves of this protein in these early 
stages. Good evidence was obtained for there being a stock of this protein at 
disposal in the liver tissue. In some in vitro experiments we observed a very 
low initial level of albumin in the liver slices of tumour-bearing animals before 
incubation amounting to only 20-30 per cent of the quantity usually present in 
the livers of normal or other tumour-bearing animals. According to our suppo- 
sition these stock amounts of albumin are first of all utilized in those cases where 
no sufficient production of this protein can be provided to meet the increased 
demand for it. Not until these reserves are exhausted is albumin circulating in 
the blood-plasma utilized, thus leading to a decline in its level. 

A diverse situation was found in animals with regressing tumours. A prolon- 
gation of the biological half-life of albumin could be observed, indicating a greater 
amount of this protein having been at disposal than could be utilized. In addition, 
a decreased intensity of serum albumin biosynthesis could be deduced from the 
fact that a lower incorporation of labelled methionine into serum albumin resulted 
after administration of this amino acid. It follows from these experiments, too, 
that the presence of an actively growing tumour is a necessary condition for a 
higher demand of serum albumin. Another conclusion can be reached from 
these results. In both active-growing tumour-bearing animals and in those with 
tumours in regression (chronic suppuration, in fact) a lowering of the serum 
albumin level in the blood plasma occurred, the mechanism of this being quite 
dissimilar in both instances, accompanied by a decline or prolongation of the 
turn-over time, respectively. 

Without considering the possible evaluation of these results in diagnosis 
a question arises regarding the mutual relations of tumour- and liver-tissue in 
tumour-bearing animals in utilization and production of serum albumin, respec- 
tively. No definite conclusions can be drawn to date as to the mechanism of 
increased albumin formation in animals bearing transplanted tumours. More 
detailed studies of tumour-host relationships now in progress in this laboratory 
may throw some light in this problem and indicate whether a factor originating 
somewhere in the tumour-bearing individual plays a part in the stimulation of 
serum albumin biosynthesis. 

The same turn-over rate of serum albumin in animals immediately after the 
transplantation as in those bearing giant tumours scarcely allows an assumption 
of this protein being utilized entirely for tumour protein production. It is 
beyond dispute that some quantity of it must be used, possibly without extensive 
degradation, for tumour protein synthesis, as found by Babson and Winnick 
(1954). It is obvious, however, that this synthesis cannot be so intensive in the 
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early stages as in the late ones. Another possibility exists that some transfor- 
mation of serum albumin into other blood-protein molecules takes place, as 
claimed by Roberts (1954) for lymphosarcoma tissue. Mucoproteins of an alpha- 
globulin mobility increase in tumour-bearing animals (Winzler, 1953) providing 
evidence that such a transformation may exist in other tumour tissues, too. 
For the early stages of tumour growth, however, a general mobilization of protein 
metabolism must be taken into account in explaining the higher turn-over rate 
of serum albumin. Further studies are in progress in this laboratory using 
benzpyrene-induced tumours, which allow a more detailed investigation of these 
early stages than transplanted ones. 


SUMMARY 


1. After administration of internally-labelled (S*5) serum albumin the biological 
half-life of this protein was 24 hrs. in normal rats. When labelled (S**) methionine 
was given intravenously or intraperitoneally a serum albumin turn-over rate of 
4-47 days resulted. If the turn-over rate of a protein is regarded as being a 
result of biosynthetic and degradation processes, these differences can be explained 
on the basis of free labelled amino acids present in the body. 

2. Tumour-bearing animals showed a decline in the turnover rate of serum 
albumin. A value of 16 hrs. and 3-8 days, respectively, was found in all experi- 
mental groups irrespective of the magnitude and growth-rate of the tumour. 

3. Rats with regressing and suppurating tumours showed a prolongation of 
the biological half-life of serum albumin. 

4. When labelled methionine was administered to tumour-bearing animals, 
a higher activity in serum albumin was found than in the controls and animals 
with regressing tumours, which showed a less intensive incorporation than the 
normal ones. 

5. Liver slices of tumour-bearing animals produced in vitro a greater amount 
of serum albumin than did the controls. No correlation between this intensified 
synthesis and the magnitude of the tumour was found. 

6. It is supposed that increased albumin biosynthesis together with its higher 
turnover rate give evidence of a higher demand for serum albumin in tumour- 
bearing animals, which can be utilized for tumour protein synthesis, transfor- 
mation into other plasma proteins, and other purposes. 

7. A decreased ability of the liver-tissue in individual animals to form serum 
albumin in sufficient quantities to meet the increased demand for it, together 
with exhaustion of the stock reserves of this protein in the liver, is assumed to 
be the ultimate cause of hypoalbuminaemia in tumour-bearing animals. 
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